fm“}'

Sg L 9\ ‘. Russ1an Or/g/na/ Vo/ '34 ‘No. 2 February, 1973
Rj’ ) ' * August, 1973
WS o -
54 -

SATEAZ 34(2) 101-192 (1973)

' ' : . . ' \

 SOVIET
~ ATOMIC
ENERGY

. o . ATOMHASR JHEPTUA
(ATOMNAYA ENERGIYA)

Lo  TRANSLATED FROM RUSSIAN

'CONSULTANTS BUREAU, NEW YORK

Declassified and Approved For Release 2013/09/15 . CIA-RDP10-02196R000400010002-8



’

¥

t
.

SOVIET
ATOMIC
ENERGY

Declassified and Approved For Release 2013/09/15 CIA-RDP10-02196R000400010002-8

.\

3

’ Declassified and Approved For-ReI_ease 2013/Q9/15 : C‘IA-‘RDPl0-02196R00040001Q902-8

s .
e, . : '

'
A

.Sowet Atomlc Energy is-a cover-to -cover translation of Atomnaya"

Energlya 2 publccatton of the Academy of Sc:ences of the USSR

An arrangement with’ Mezhdunarodnaya Kniga, the Soviet book
export agency, makes available both. advance coples of the Hus~
sian journal and,original glossy photographs ‘and artwork. This

~ serVes to decrease the necessary time lag between' publtcatnon

E prove the qualnty of the latter. The translatton began with- the first

I

of the orlglnal and publication f the translation and helps to im-

issue of the Huss;an journal
\Edltorlal Board of Atomnaya I:‘nerg:ya

Edltor. M D. Mllluonshchukov T §
Deputy Director .~ ! ' '
I. V. Kurchatov Institute of Atomlc Energy

X Academy of Sciences of the USSH o
- Moscow, ,USSR j . S

Associate Edut’ors. N. A. Kolokol'tsov - ‘. -

‘ NAVlasov S T S
A’A.;Bochya}f C o V.V.Matveev - - |
N.A. Dollezhal’ LM G. Meshcheryakov: o
V.S.Fursoy ' P.NPaleir .

I:N. Golovin . V.B.Shevchenko -
V.F. Ka.llnin e - ' D L. Simonenko ‘:

A K Krasin = ' V. L Smirnov*‘,“u"'_ o
A I Lelpunskn | 'A{.._:P: Vinogradov

AP, Zeflrov Sl

. .
B .

_Copynght©1973 Consultants Bureau New York, a division of Plenum Publlshmg RN

Corporation, 227 West 17th Street, New York N.Y. 10011. Alf rights reserved.
No articlé contained. herein may ‘be reproduced for any purpose whatsoever
without permlssmn of the publlshers ) A

~

Consultants Byreau joumals appear about six months after the publlcatlon of the

- original Russian issue. For blbliographlc accuracy, the English issue published by

Consultants Bureau carrles the, same number and date as the original Russlan
from which it was translated For example, a Russian issue published in Decem-
ber will appear in a Consultante Bureau English translation about the following

;' . June, but the translation issue will carry, the December- date. When ordering any
" volume or partlcular issue of a Consuitants Bureau.journal, please epeclfy the

date and, where applicable. the volume and issue numbers of the original Russian.

. The materiat you will recelve wili be a. translation of that Ftueeian volume or issue.

, $80-pervolume (6 lssues)
‘2 volumes per year ..
 (Add $5 for orders outside'the Unlted States and Canado) .

. GUNSUI.TANTS BUREAII HEWYORK AND I.!)Nllﬂll

~ o
[y . -~ B i v

Subscnptlon T L

‘ Single Article:-$15

) e Davus House '
227 West l7th Street ' o
. * 8Scrubs Lane, '
) e New York NewYork lbOll Harlésden, NW10 6SE

\

s L England e .

Publlshed monthly Second-class postage pald at Jamalca New York 11431

'Single Issue: $30 o

4

i



Declassified and Approved For Release 2013/09/15 : CIA-RDP10-02196R000400010002-8

SOVIET ATOMIC ENERGY

‘ A translation of Atomnaya Energ/ya‘
L o _ August, 1973

ST -

Volume 34,Number2 C . - s S T Februé.ry, 1973

'

“CONTENTS
neey B )
+Engl./Russ.
Discrete Monitoring of the Power Distribution in the Active Zones of Nuclear - ‘

Reactors — I. Ya. Emel'yanov, V. N, Vetyukov, L. V. Konstantinov, '

V. G. Nazaryan, I. K. Pavlov, and V. V. Postnikov . ............. ... 101 75
Deposits on VK-50 Fuel Elements - A, I. Zabelin, B. V. Pshemchmkov, .
andT. Svyatysheva . ... ... ... e iriniininennnsanees.. PP 107 81

Some Physical and Mechanical Propertles of Uranium — Zirconium Alloys at Low
Temperatures = G, B. Fedorov,'M, T. Zuev, E. A. Smirnov, . o

andA. E. Kissil'. ... ............... C e et e e e o 111 85
Phase Structure of Niobium~-Based Alloys in the System Niobium — Tungsten R
—Zirconium —Carbon — E, M. Savitskii and K. N. Ivanova ............ 115 89

Experimental Fitting of Data Relating to the Irradiation of Graphite in Reactors to a
Universal Scale of Damage-Inducing Fast Neutron Flux — V. I, Klimenkov

and V, G, Dvoretskii ....... e et r e e e 120 93
Unified Industrial System of Nuclear Instruments for Instrumental Activation ,

Analysis — B. G, Egiazarov, V., V, Matveev, and Yu, P, Sel'dyakov...... 124 97
REVIEWS
Nuclear Spectroscopy at the Radium Institute — B. S. Dzhelepov, N, N. Zhukovskn,

R. B. Ivanov, and V, P. Prikhodtseva .................ccovueu.’. 132 105

BOOK REVIEWS

NewBooks ............. et c et e e e e st e e e 137 109
ABSTRACTS
Optimization of Heat Removal in a Nuclear-Reactor Channel as a Problem in Game

Theory - V. S, Ermakovand G. I. Zaluzhnyi ............. e 140 111
Formulation of Boundary Condition in the Method of Subgroups — M, N. leolaev .

and D, A, UsiKOV, . . v vttt vt e e it e e e eenns e eas 141 112

Effect of the State of the Zirconium Surface on the Structure and Protective
Properties of Oxide Films Forming in a Corrosive-Environment

= L L KOTODKOV 4 4 v 4 vt aee v easve s oneonnnenssnnnneesnsnenns 142 112
Time Selection in Activation Analysis — G. S. Vozzhenikov . ............. R 143 113
Characteristics of Point Activation Measurements Made in Boreholes with a _

Controlled Neutron Source — V., V. Strel'chenko and K, 1. Yakubson . ..... 144 114
‘Spectral-Angular Distribution of Fast Neutrons Emerging from Different Sections of

the Surface of an Iron Reflector — D. B. Pozdneev and M. A. Faddeev, . . .. 145 114

LETTERS TO THE EDITOR
The Free Energy of Formation of Uranyl Ions at High Temperatures

—R.P.Rafal'skil.........0o0evenenennnns. e, 146~ 115
Experimental Data on the Thermal Neutron Spectrum in Water-Moderated Reactors
— 8. S. Lomakin and G. G. Panfilov......... et e . eee 149 117

Declassified and Approved For Release 2013/09/15 : CIA-RDP10-02196R000400010002-8



Declassified and Approved For Release 2013/09/15 : CIA-RDP10-02196R000400010002-8

Evaluatidn'ﬁo'“f Neutrc‘)n‘ Sensifiﬁty for a Personnel Dosimeter Using Type~K Nuclear
"+ Emulsion = M. G. Gelev, M. M Komochkov,I T. Mishev,

and M, T, Salatskaya .. .. .o iee e oeeioncesnanosennns e

Evaluation ofSilicon Semiconductor Detector Efficiency for 0, 661 and 1.25 MEV
Gamma Rays = M. L. Gol'din, K. R. Pa.ter-Razumovsku, _ o
andF. V. VIrmiK .. . oo s e s et i e e e e e n e aae e

Detector Characteristics of a Silicon Carbide Detector Prepared by the Diffusion of
-Beryllium = V., A, Tikhomirova, O, P. Fedoseeva, and G. F. Kholuyarov . .

Rad1ahon Stability of Scintiliating Plastics — E. D. Beregovenko,

V. M. Gorbachev, and N, A, UVarov. . . . . .« v vt et vt ot v ot oo oansos

A Low-Background Gamma Spectrometer — Yu. A. Surkov and O. P. Sobornov. . ..

A Digital Recording Method for the Results of Radiometric Measurements
—V. P. Bovin, X, M, Volodin, A, A, Eremin, and A, A, Lintser........

Gamma~Ray Buildup Factor for a Spherical Shield-— V. A, Zharkov, o

A. A. Chudotvorov, and A, F. Kolesnikov . ... % ..o uvs vnvus O S

Tluorescence of Air Under the Action of Relativistic Electrons — V. D. Volovik,
"« V. I. Kobizskoi, V. V. Petrenko, G. F. Popov, and G. L. Fursov ., .. AT
Focusing of Superconducting Solenoids in High-Energy Linear Proton Accelerators
— B. I. Bondarev, V. V. Kushin, B. P. Murin, L. Yu. Solov'ev,
and A, P. Fedotov .. ........ . et e et e e e e e P
Measurement of the Energy Distributions of the Fragments Derived from the Fission
of Preactinide Nuclei by Alpha Particles, Usitig the "I'rack Method"
- M. G. Itkis, V. N. Okolovich, A. F. Pavlov, and G. Ya. Rus'kma ......
The Average Number of Neutrons Emitted in'the Spontaneous Fission of Cm ,'
. Cm?%, and Cm?*® - V. V. Golushko, K. D. Zhuravlev, Yu. S. Zamyaxmn,
N. L. KroshkmandV N Nefedov...........; ..................

COMECON NEWS

Collaboration Daybook ....... R R I .
NEWS
The All-Union Conference on the Use of Radiation Techmques in Agriculture

—D. A. Kaushanskii ........0 0ttt ittt eeeancaansas .o
Fifth All-Union Conference on the Physics of Electron and Atom Collisions

— V.B. Leonas. .......... Yo e s e e e e s e e e
Soviet — Swedish Symposium on the Physms of Thermal and Fast Reactors

~ I.D.Rakhitin .. ........ .. . . e, e e e e e .
BRIEF COMMUNICATIONS . . o v vt v o e e e s a ot naneconnaesns e e c.

The Russian press date (podplsano k pechati) of this issue was 1/31/19'73
Publication therefore did not occur prior to this date, but must be assumed

to hdve taken place reasonably soon thereafter.

CONTENTS

(continued)

Engl./Russ.

152 118

156 121
158 . 122
160 124
162 125
165 127
167 - 128
170" 130
172 131
175 133
178 135
180 137
183 139
185 140
187 141
190 143

Declassified and Approved For Release 2013/09/15 : CIA-RDP10-02196R000400010002-8




Declassified and Approved For Release 2013/09/15 : CIA-RDP10-02196R000400010002-8

DISCRETE MONITORING OF THE POWER DISTRIBUTION
IN THE ACTIVE ZONES OF NUCLEAR REACTORS

. V. Konstantinov, V. G. Nazaryan,

I. Ya. Emel'yanov, V. N. Vetyukov,
I. K. Pavlov, and V. V. Postnikov UDC 621.039.564.2

The achievement of precise and reliable monitoring of the power distribution in-a reactor is a neces-
sary condition for the economically effective and safe use of a powerful nuclear installation. At the present
time it is a generally accepted practice to use sensors discretely sited within the active zone [1], Ananal-
ysis of signals arising from the sensors within the reactor by means of an information store and computer
facilitates operative monitoring of the precritical thermal-loading reserve of every fuel element, and hence
helps in optimizing the fields of energy evolution, with a view to increasing the power and heat-technologi-
cal reliability of the reactor and also the mean integrated power development of the fuel charge.

Despite the fact that an optimization of the methods of mathematically analyzing discrete measure-
ments of power distribution inside the reactor would provide a great increase in monitoring accuracy, and
hence in the accessible power potential of the fuel (or the heat-technological reliability of the reactor), in-
sufficient attention has as yet been paid to this problem in the literature.

In the present investigation we studied two methods of discretely monitoring the energy distribution:
empirical and experimental —computing. The first method constitutes an engineer’'s solution of the prob-
lem, and is based on the use of simple empirical relationships obtained in experiments relating to the
starting and initial period of use of the fundamental reactor of the type in question; the second method is
based on the simultaneous use of the results of a physical calculation and discrete measurements of the

power distribution. The use of both methods is illustrated by reference to the Beloyarsk Nuclear Power
Station.. -

The empirical method of monitoring the power distribution W(r) is based on the concepts of a macro- .
scopic field Wys(r) and a field microstructure ¢ (r) [1-3]. The problem of discrete monitoring in this case
reduces to a determination of the values of the macrofield at the sensor sites: .

TABLE 1. Comparison between Various Interpolation Methods

Empircal method Experimnental—-computer method
Interpolation procedure . i 02WI o J i o% oo

Plane interpolation -+ 0,380 0,333 45,35 0,309 0,333 20,03
Method of least squares 0,398 0,258 47,36 0,345 0,958 22.11
Inte‘rpglation by Lagrange polyno- . : .

me=t, Ny =4 0,353 0,250 42,04 0,280 0,250 18,04
m =3, Ns =16 0,318 0,409 38,29 0,258 0,409 17,02
m=25, 1\’s =36 0,320 0,498 - 38,72 0,283 0,498 18,78
m=1, N =84 . 0,490 0,115 57,83 0,381 - 0,145 24,04
Statisticai interpolation .

ne=Ng =4 0,334 0,356 40,04 0,276 0,352 18,02
n=Ng =16 0,315 0,402 37,92 0,251 0,397 16,56
n=ANg =236 0,315 0,404 37,92 0,252 0,360 16,54

Tra.nsllated from Atomnaya Energiya, Vol. 34, No. 2, pp. 75-80, February, 1973. Original article
submitted April 20, 1972; revision submitted August 28, 1972,

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot. be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Fig. 1. Relative correlation functions of the distribution W° (r) obtainedby measure-
ments in the reactor of the second unit of the Beloyarsk Nuclear Power Station, using
small~scale fission chambers at "zero™ power for the whole active zone (O) and for

the central part of the latter (@),

' Fig. 2. Relative correlation functions of the distribution V° (ry for the reactor in the
second unit of the Beloyarsk Nuclear Power Station obtained by fission chambers at
"zero" power (®) and derived from the residual activity of the fuel channels for the
central part of the shut-down reactor .
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Fig. 3. Dependence of 02, ando §on
1/Vng for the reactor of the second unit
in Beloyarsk Nuclear Power Station,
obtained by the empirical (a, b) and ex~ °
perimental — computing (¢, d) methods
using Eq. (4) (a, c) and by direct cal-
culation [4] (b, d) from the results of
experiments at "zero" power.

| Wa(r) =&k M

\
the interpolation of these values over the whole reactor, and

. the subsequent introduction of corrections allowing for the

microstructure of the power distribution for every fuel ele-
ment {3]. We note that the direct interpolation of the dis-
tribution W(r) rather than Wy,(r) leads to a considerably
greater error in monitoring the power distribution.

The Wy (r) distribution may, in general, be formally
considered as a nonuniform, random distribution with a
varying mathematical expectancy, dispersion,, etc., since
in addition to the general variation in Wy (r) due to the di-
mensions of the reactor and the averaged distribution of the
fuel load and control units, there are also purely random
deviations associated with technological scatter in the dis-
position of the fuel elements and absorption units, and also
local quasirandom deviations associated with various local-
ized inhomogeneities, which cannot be completely taken into

~account in the manner represented by Eq. (1). In view of

all this, we employed the elementary concepts of the theory

of random functions [4], in addition to other methods [2, 3], when .choosing a method of interpolating
the macrofield and analyzing the results obtained. ° o

In order to avoid the difficulties arising from a direct interpblation of nonuniform random distribu-
tions, we used the operation of macrofield centering [5]

I/%/'M (rs):WM (rs)—WM (rs)y (2)

where WM(rs) is the centered random distribution, WM(rs) is the mathematical expectancy of the macro-
field, constituting the result of approximating the discretely measured distribution WM(rs)

By way of expressions approximating the values of Wy (rg) in the sensor sites for the two-dimensional
case, we considered a series of Bessel functions and trigonometrical functions, a polynomial of the second
degree, ,and a unidimensional radial distribution, obtained by mathematical smoothing of the measured
quantities. In the absence of sensors on the periphery of the reactor, Wyi(r) may be derived by “gewing
together” the distribution in the central region and the distribution on the periphery of the active zone
determined experimentally or by physical calculations.
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Fig. 4. Distribution of o (%)’ with respect to the fuel
channels of one quadrant of the active zone inthe second
unit of the Beloyarsk Nuclear Power Station (shaded
corners indicate channels containing sensors).

The latter two means of approximation were the most convenient for the practical analysis of discrete
measurements in a computer. It should be noted that the correctness of our choice of approximating ex-
pression may be confirmed by finding whether the discrete monitoring errors derived from correlation
analysis agree (see Eq. (4)), and also by comparing the calculated and measured power distributions [31.

In accordance with (2), the unknown distribution of the macrofield over the reactor was determined as
the sum of Wy, (r) and the interpolated distribution of M-
0
Taking a square lattice of sensors as an example, we studied four methods of interpolating Wpr(r):
0
1) plane interpolation in which the value of WM is determined for each fuel channel as the z coordinate
of the plane drawn through the values of Wy () for the three nearest sensors; 2) successive approximation

(by the method of least squares) of the values of \())VM(r) derived from sensors separated distances of no
more thatn ~1/6 of the reactor diameter by a polynomial of the second degree; 3) successive interpolation
along the x and y axes by Lagrange polynomials of degree m, equal to 1, 3, 5, 7; 4) statistical interpolation
(4] based on the theory of random functions.

In a number of cases the interpolation indicated in 1)~3) may be carried out directly for the values of
Wy p(r) without serious loss of accuracy, without first carrying out the centering operation.

The essence of the latter interpolation (proposed earlier [6] for unidimensional stationary random
processes) lies in finding the unknown coefficients a; of the interpolation series

n

W®)= 3 aWyi (x) | ®

i=1

0
from the minimum interpolation error of the spatial distribution of WM(r). In Eq. (8), n is the order of
interpolation, equal to the chosen number of neighboring sensors measuring the quantities Wj(r) used in

0
calculating WM(r) .
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The dispersion of the interpolation error for an arbitrary fuel channel may be expressed as the dis-
persion of a linear combination of random functions [6]:

G&-I = Ao}y + Bog

n n
21‘ a;a;pi;—2 1_21 aip;; @) -

. 0 M
where UZW is the dispersion of the random field WM; 0% is the dispersion of the sensor error Pij = Kw(lri

. : 9
_r].I) /GZW is the normalized value of the correlation function KW(Iri-r].I) of the random field Wy, (r)

K g

1= w(Lr%V ril)

Equating to zero the derivatives of 0% _ with respect to each of the coefficients a;, we obtain a system of
equations for finding the values of these:

(B0 iot) ag - puzas + - . .+ Penln = py;
P21as + (1 + 6§ /o) @zt - . . + Panan = po; (5)

Pn1as+Pnode+ . . + (L G [0%) @n = pr.

In Eq. (4) the errors of the sensors are regarded as mutally uncorrelated quantities, andthe dispersion of
the random field 02W = Ky (0) is taken as constant over the active zone. If the latter condition is not sat-

0
isfied, it is essential to center Wy (r) with respect to the dispersion [5].

' C 9
The correlation functions Ky (M of the distribution of WM(r), like the coefficients characterizing the
microstructure of the power distribution, may be obtained by experiments or physical calculations.

Figure 1 illustrates the relative correlation functions py (r) for the centered power macrofield of the
fuel channels in the reactor of the second unit of Beloyarsk Nuclear Power Station. The pw(T) curves
determined for different parts of the reactor lie close to one another in the initial section (r < 1,0-1.2 m),
which is of practical interest in the processing of the discrete measurements, Calculations showed that
in this case the coefficients a; approached zero for lr—rjl > 1.2-1.4 m. Thus the most appropriate order
of statistical interpolation n is determined by the number of sensors lying within this distance of the fuel
channels.

An advantage of statistical interpolation lies in the fact that exactly the same computing method may
be used for both interpolation and extrapolation, as well as for refining the measurements. at the sensor
sites by reference to the readings of neighboring sensors.

The foregoing procedures for interpolating the centered macrofield on the empirical principle are ‘
compared in Table 1 for a fuel channel lying in the center of a rectangular lattice of Ny sensors, by com=
paring the values of 02W calculated from Eq. (4) and pyy(r) illustrated in Fig. 1.

The experimental — computing method of monitoring the power distribution is based (as in [7]) on
determining a quantity V(r) for each sensor, this being the ratio of the measured signal to the signal de-
rived from a physical calculation of the neutron flux or power distribution. The relative distribution of
W(r) was determined as the product of the power distribution obtained from the physical calculation and the
distribution of V(r) [1, 4]. The absolute value of the power distribution was determined, as in the empir-
ical method, by normalizing the relative distribution to the thermal power of the reactor.

In order to optimize the experimental — computing method, we studied various ways of interpolating

. 0
the distribution V(r). An analysis of many calculated and experimental power distribution showedthat V (r)
= V(r) = V(r) might be considered as a homogeneous random distribution. The relative correlation functions
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0
py(T) = KV(T)/KV (0) of the distribution V(r) shown in Fig. 2, corresponding to two different states of the
reactor in the second unit of the Beloyarsk Nuclear Power Station, are similar to one another in the range
T<0.5m,

It should be noted that the distances T at which the correlation functions of the radial = azimuthal

distributions of VOVM(r) and \of(r) fall by a factor of two are practically identical, and amount to 0.08-0.1 of
the radius of the active zone for the Beloyarsk reactors. This is evidently associated with the fact that

the relative ranges of propagation of the distortions introduced into the power distribution by random local
perturbations in the active zones of these reactors are identical.

The results of our investigation into the four methods of interpolating the V(r) distribution under the
conditions indicated when considering the empirical method are shown in Table 1. The values of crzv were
calculated from (4) using the correlation function of Fig. 2. The tabulated values of the mean square
errors Oyy; and oy for the various methods of interpolation and the values of A and B for statistical
interpolation correspond to g = 1.5%; oy = 10.8% and oy = 7.9%.

It follows from an analysis of the tabulated data that the best accuracy is given by statistical inter-
polation in both the empirical and the experimental — computing methods. The latter method gives a
smaller error in discrete monitoring as compared with the empirical, but it requires regular physical
calculations of the power distribution on a fairly powerful (usually external) electronic computer, The
frequency of these calculations may be reduced with the aid of the station's own computer by introducing
corrections based on Egs. (1) and (2) to allow for slight changes in the positions of the control devices and
the charging of the reactor.

A reliable estimation of the error committed in the discrete monitoring of the power distribution
during the service life of the reactor is of particular importance for choosing safe and efficient operating
conditions for the fuel channels.

In order to verify the validity of the method of estimating the monitoring accuracy, we compared the
values of o2 averaged over the reactor obtained in accordance with (4) and by comparing [3] the interpolated
and measured values (Fig. 3). The dependence of % on 1‘/’15’ which is proportional to the spacing in the
lattice of ng sensors uniformly distributed in the reactor of the second unit of the Beloyarsk Nuclear Power
Station, is closely described by the linear relationship generally characteristic of such cases, The re-
sults of Fig. 3 demonstrate the satisfactory accuracy of the method of computing ¢ based on Eq. (4).

It should be noted that the results of Figs. 3 and 4 and Table 1 correspond to measurements of the
power of individual fuel elements in the fuel channels made during the physical initiation period, using
a charge of considerable inhomogeneity. During actual serivee, the errors in the two methods were in
general 1.5-2.0 times lower for the fuel channels.

As an example of the calculation of o for individual fuel channels, Figure 4 illustrates the distribution
of UWI over part of the active zone of the reactor in the second unit of the Beloyarsk Nuclear Power Sta-
tion, corresponding to statistical interpolation in the empirieal method.

A comparison of the experimental and calculated values shows that the error in the discrete monitor-
ing obeys a normal distribution law.

The reliability which is essential for the discrete monitoring of the power distribution can only be
achieved if measures are taken to eliminate coarse errors (faults or oversights) in the measurements and
- general (systematic) failures associated with maladjustments of the sensors, breakdown of the computer,
operator errors, etc. The power distribution should therefore be monitored by at least two different
methods. Mistakes in measurements committed in, for example, the Beloyarsk Nuclear Power Station,
may then be revealed by applying statistical-"unacceptability" criteria to the relative differences in the
distributions obtained by the different methods and analyzing these on a computer. Inthe same way, it is

0 )
desirable to compare V(r) or W(r) over a specific range, and at the symmetrical points of the active zone,
and also to compare analogous quantities measured at a specific point over a certain time interval.

The methods of discrete monitoring of multidimensional distributions considered in this paper are
intended for use in conjuction with the algorithms fed into the information and computing equipment of the
Nuclear Power Station in order to monitor the power distribution. However, after making certain slight
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- changes, these methods may also be used for other problems of discrete measurements (for example, in-
determining the temperature fields in the reactor, radiation fields and spectra in the biological shielding,
and so on).

In conclusion, the authors wish to thank I. S, Akimov for the results of the physical calculations
relating to the Beloyarsk Nuclear Power Station and also M. P. Bodrilin, Yu. I. Volod'ko, and V. O.
Steklov for help in the measurements.
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DEPOSITS ON VK-50 FUEL ELEMENTS

A, I. lZabelin, B. V. Pshenichnikov,
and T. 8. Svyatysheva UDC 621.039.524,4-97:621.03.955.336

The VK-50 water-cooled water-moderated pressure~-vessel boiling-water reactor incorporates a
cylindrical pressure vessel with a removable cover. The pressure vessel and the cover are hardfaced
with 1Kh18N9T austenitic steel. The in-core operating pressure is 70-100 kg/cm?,

The core fuel volume, also known as the small core, consists of 91 fuel assemblies, The natural
coolant circulation speed while the fuel assembly is present in the core was 0.5 m/sec. The mean ir=-
radiation level of the core was 36 kW/liter.

The character of the deposits depends on the heat-transfer and hydrodynamical operating conditions
of the fuel assemblies, and on the composition of impurities in the coolant. The latter are in turn a func-
tion of the water — chemical conditions and of the stability of the structural materials against corrosion and
erosion. The contact area presented by the structural materials to the coolant is cited below (in percent-
age of total areas): '

Brass (L-68) 52.1
Carbon steel (St. 3, St. 20, St. 22%) 39.1
Stainless steels (1Kh18N9T, 1Kh13, 3Kh13) 5.6
Zirconium alloys 3.2

- The corrosion rate and the yield of corrosion products affecting the coolant both depend on the quality
of the coolant (see Table 1). Corrosion products, upon leaving the surface of the corroding materials and
entering the coolant stream, become activated in the reactor core and migrate through the loop.

This article cites some of the results obtained in studies of deposits formed on the surface of a fuel
element that had seen 155 effective full days of service in core from the start of the reactor campaign,
The exposure time involved was longer than ten months,

Sampling and Sample Analysis Procedure

~

Visual inspection of the surface of the fuel element revealed that the fuel element becomes
coated with a reddish-brown film composed of corrosion products. At a distance of 1m from the

‘ . top of the fuel element, we find a white incrustation
TABLE 1. . Basic Criteria for Water : breaking through at sites where the top film cover is

-~ Chemical Conditions . impaired.
Coolant .

Physicochemical o Treacie Five samples scraped off the su'rface of. the fuel
‘variab ' feed- ;70 loo element were found to be flaky formations which were
variables water P . loop

I water tsteam sparingly soluble in acids even after heating. The chem-

pH value 83 0.5 _ _ ical composition of the deposits was determined on the
Dissolved oxygen, mg/‘k% 0,05 0,20 30,00 basis of standard physicochemical procedures of analysis.
Total amount of corro- These samples were also subjected to y-ray spec-

sion products, mghkg [ 0,5 | 1,00 0,05 trometric analysis. The detector employedwas a FEU-56

Translated from Atomnaya Energiya, Vol. 34, No. 2, pp. 81-84, February, 1973, Original article
submitted May.4, 1972.

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Fig. 1. Typical y~-ray spectrum of deposits on VK-50 fuel elements.

Fig. 2. y-Ray spectrum of deposits on VK-50 fuel elements (zinc-
depleted sample).

photomultiplier with a Nal(T1) 70 X 70 mm erystal, Pulses from the detector were amplified by a quantity-
manufactured UIS~2 broadbanded amplifier and were placed across the input of an Al-256 multichannel

pulse height analyzer. The y-ray spectra obtained on the multichannel analyzer were recorded by a BZ-15
digital printout and by an EPP-09 automatic electronic potentiometric recorder. ‘

The spectrometer resolution was 10% at the Cs*” y-line (0.661 MeV). The FEU-56 photomultiplier
was supplied from a type VS-22 quantity-manufactured stabilized voltage power supplies package. Fluctu-
ations of the output voltage from ratings were not greater than 0.01% in response to 10% changes in line
voltage or power supplies voltage.

Four peaks are clearly in evidence in y-ray spectrum shown in Fig. 1, in the energy range beyond
0.2 MeV: 0.511, 0.835, 1.120, and 1.330 MeV. Those peaks can be interpreted as photopeaks due to
v ~photons emitted by Mn* (0.834 MeV), Zn°®(1.120 MeV), and Co°(1.330 MeV), with the 0.511 MeV peak
considered an outlier. . This last peak is identified as the photopeak of annihilation radiation of positrons
formed in the decay of the nuclide Zn®>, Consequently, gamma-ray spectrometry of the specimens made it
possible to determine the presence of the radioactive isotopes Mn*, Zn®®, and Co® in the deposits on the
fuel elements.

The isotopes Na?2, Fe®, Co®, and Zr®® + Nb® were also detectable in the deposits. But photopeaks
due to the v -photons emitted by Na?? (1.277 MeV), Fe® (1.289 and 1.098 MeV), and Co®’ (1.170 MeV) lie in
the region of the photopeak due to ¥ -photons emitted by Zn®® (1,120 MeV) and Co®® (1.330 MeV). The
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TABLE 2 Averaged Content of Elements in Deposits of Corrosion Products on
Fuel Element )

Chemical composition of ] .
deposits - ~ Sources of origin
element ‘(i(;n';ent, reactor Ioop facilities and equipment structural materials
. /0
Iron 39,0 Turbine condensers, condenser piping, deaerators, feed- |Carbon steel (St. 3, St. 20,
water lines, steamspiping, turbine St. 22k) . :
Manganese 5,0 In-pile surfaces, HPS*® steam lines, feedwater header, Stainless steel (1Kh18N9T,
Nickel 0,5 louvered control devices in HPS and LPST systems, evap-{ and (0Kh18N10T) and
Chromium 0,2 oration plant. steam turbine buckets, scramming and chromium steel (1Kh13
" control system screws ) and 3Kh13)
Copper 38,8 Piping system of turbine condensers and LPH} Brass (L-68)
Zinc , :
Cobalt «€0,1 Thrust bearings of feedwater pumps, hardfacing of third Stellite (45-50% Co) and
and fourth stages of turbine low-pressure cylinder T15K6 alloy (6% Co)

* High-pressure steam separators,
T Low-pressure steam separators,
T Low-pressure heaters,

TABLE 3. Relationship of Radioisctopes - maximum in the spectrum of Compton electrons due to
in Deposits on Fuel Elements (%) - Zn® y -photons, and the photopeaks due to the y-photons
emitted by Co* (0.805 and 0.814 MeV) and by Zr® + Nb?®
Radioisotope * Relative activity* (0.756, 0,723, and 0.768 MeV) are found in the region of

the Mn* (0.835 MeV) photopeak., Control experiments

P 9§: k0.4 were staged in order to ascertain whether nuclides, of

Cos0 5,12:0,4 which the photopeaks might be masked by strong lines,

were also present,

* Averaged from five samples
A weighed aliquot of the sample scraped off the

outer surface of fuel elements was fused with a fivefold
excess of potassium hydrogen sulfate (KHSO,) in a muffle furnace at temperatures 900~950°C. The re-
sulting amalgam or alloy was dissolved in 20% hydrochloric acid upon heating, and was diluted with de-
salinated water. The solution resulting was then passed down a chromatographic column, and mixtures
of isotopes or individual isotopes were isolated with the aid of radiochemical techniques.

Filter paper moistened in appropriately prepared solutions was sealed in a polyethylene packet, and
the y~ray spectrum of the sample was then taken.

The spectrum of a zinc~depleted sample is shown in Fig. 2. It is clear from a comparison of the.
Y-ray spectrum so obtained and the primary spectrum (see Fig. 1) that the intensity of the Zn®® photopeak
decreased appreciably, while the Co® photopeak (1.330 MeV) gained in intensity. Because of the decline
in the annihilation radiation peak, a peak began to show up in the vicinity of 0.6 MeV, as the maximum in
the spectrum of Compton electrons due to the 0.835 MeV y-photons. It is clear in Fig. 2 that no new
v -lines were detected in the spectrum.

Sodium is then isolated by chemical means from the zinc-depleted sample obtained in the preceding
control experiment. The y-ray spectrum of the sample depleted of zinc and sodium does not differ from
that of the sample depleted of zinc alone. In order to check for the presence of Na?? and Fe® in the sam~
ple, we ran repeat tests to determine the content of those isotopes, using independent methods. Cobalt
was isolated from the working sample. Manganese was isolated along with the cobalt. The resulting
Y -ray spectrum of the sample now coincided with that of pure Zn®%, Filtrates from the same samples
were tested as an additional check, No new y-emission lines were detected in the spectrum.

The relationship between radioisotopes present in the deposits bulit up on the fuel elements
was specific for each power station tested, and depends on the structural materials used [1].

Digscussion of Results of Measurements

Elements traceable to corrosion and erosion in the stream (iron, manganese, chromium, nickel,
copper, zinc) or to naturally occurring impurities in the water (calecium, magnesium, silicon) were found
in aliquot volumes of solutions of five samples scraped off the surfaces of the fuel elements.
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It is clear from Table 2 that the deposits consist primarily of compounds of iron (39%), copper
(35%), and zinc (20%). Manganese is represented much less conspicuously in the deposits, and there is
very little nickel or chromium present, Considerable quantities of zirconium and niobium (elements
found in corrosion products of the fuel-element cladding) were not detected.

Table 3 displays the relationship between the activities of corrosion products incorporating the iso-
topes Zn®®, Mn%, and Co®, all calculated for the time of reactor shutdown. As pointed out earlier, the
fuel element under investigation was kept for over ten months in the cooling pond. During that time, the
activity of all of the other isotopes decreased to such an extent that the photopeaks associated with the
vy -photons they emitted were masked by far more intense 7y -lines (mainly those due to Zn®. One curious
fact is the level of over 90% activity of the samples attributable to y-emission by Zn®3, a nuclide formed in
the reaction Znf%(n, v)Zn% (abundance 48.89%). We can infer from those data that brass should be avoided
as a structural material in a power station loop, inthe case of a single-loop system of the type selected
for the VK-50 reactor power station, in order to improve the radiation situation.

The isotope Mn® is formed principally in a (n, p) reaction, from the isotope Fe® (abundance 5.81%)
[2], and to a much lesser extent in a (n, 2n) reaction from the isotope Mn®® (abundance 100%). The activity
of Mn® is therefore proportional to the concentration of iron corrosion products. The isotope Co® is
formed primarily through the reactions Co®(n, y)Co®® (abundance 100%) and Ni®’(n, p)Co®® (abundance
26.16%). Since no cobalt was detected through chemical analysis of the samples, it may be surmised that
the isotope Cof owes its origin here principally to the second reaction, from the nickel.

CONCLUSIONS

1. Nuclear electric power generating stations based around a VK-50 reactor differ from other power
- stations based around boiling-water reactors in the typically high content of copper and zinc compounds in |
the deposits, on account of the brass used in the turbine condenser and in the low-pressure heater on . 1
stream in the primary loop. ' '

2. The principal component of the deposits on the fuel element, responsible for ~90% of the long-
lived isotope, is the isotope Zn®°,

3. Despite the very limited dimensions of the stainless steel surfaces, some Co® was nevertheless
detected in the deposits.
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SOME PHYSICAL AND MECHANICAL PROPERTIES
OF URANIUM - ZIRCONIUM ALLOYS AT
LOW TEMPERATURES

G. B. Fedorov, M. T. Zuev, : -
E. A, Smirnov, and A. E. Kissil' UDC 537.311.31:669.822: 539,67

Earlier investigations into the thermodynamic [1] and diffusion [1, 2] properties as well as the spe-
cific heat [3] of uranium — zirconium alloys at high temperatures have shown that the extrema appearing on
the concentration dependences of these properties lie in 2 range of compositions which, at lower tempera-
tures, correspond to the 8, phase [4]. In this range of compositions (22-35at. % uranium*) the integrated
thermodynamic functions (molar free energy and molar enthalpy) exhibit their maximum negative deviations
from ideal behavior [1], while the specific heat exhibits its maximum deviations from the Neuman and Kopp
rule [3]; the mutual diffusion coefficients pass through a minimum and the activation energy reaches a
maximum [1, 2]. Further analysis of the results of [3] in relation to the specific heat of uranium -~ zir-
conium alloys showed that, even at room temperature, there was a slight deviation from the additivity law,
with a maximum in the region of the 6; phase.

In this paper we shall present the results of a fresh study of certain physical properties of uranium
—zirconium alloys at room and negative temperatures. We examined the following properties: specific
electrical resistance (resistivity), integrated low-temperature thermo-emf, internal friction, Young's
modulus, and hardness. :

Alloys and Method of Investigation. We studied samples of

v pure zirconium and uranium as well as alloys of these containing
g 2I0 4,0 6;0 7|0 5;0 9[0[’:‘“-% (according to measurements of the charge) 14.1; 27.7; 41.6; 60.5;

160 87.9 and 94 at.% of uranium. The method of preparation and the
dimensions of the samples were analogous to those described in
"0 [38]. The samples were studied in the annealed state (being first

held in a dynamic oil vacuum of 3.10™* mm Hg at 1000°C and then

20 cooled slowly).
100 The electrical resistance was meaéured at room tempera-
E ture, Ty = (295 = 3)°K, in liquid nitrogen at T, = (77.4 = 0.7)°K,
& é0 and in liquid helium at Ty = (4.22 = 0.02)°K by a four-contact
2 potentiometric method, with two directions of the low-density
60 current (0.1 A/cm?. In calculating the resistivity at low tem-
) peratures, the geometry of the samples was taken to be exactly
4r | the same in each case. ‘
20 The low-temperature thermo-emf was determined [9] relative
to copper, using a constant temperatue gradient AT = Tr_Tn = (216
0 70 W60 Uan %’ + 5), and alsoby usingthe recording of a preamplified signal.
Fig. 1. Concentration dependence - * According to other ihvestiga.tions, the range of compositions
of the resistivity of uranium —zir- corresponding to this phase (denoted in different ways by different
conium alloys at temperatures of: authors) extends from ~26.6 to ~33.4 [5], from 24.5-25 to ~31.5
1) 295°K; 2) 77.4°K; 3) 4.2°K. [6], or from ~24.5 to 29.5-30 at. % uranium [7, 8].

Translated from Atomnaya Energiya, Vol. 34, No. 2, pp. 85-88, February, 1973." Original article
submitted December 30, 1971, :

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Fig. 2. Dependence of the integrated thermo-emf of uranium = zir-
conium alloys (AT = 216°K) on the uranium concentration.

Fig. 3. Dependence of the background of the internal friction on
the composition of uranium - zirconium alloys at temperatures
1) 273°K; 2) 173°K; 3) 77.4°K,

The elastic modulus and internal friction at temperatures between T, and T, were determined by a
method based on resonance bending vibrations at a frequency of ~1 KHz [10]. The hardness was measured
in a Rockwell apparatus with a [oad of 100 kg. At least ten measurements were made with each sample.

Electrical Resistance. The concentration dependence of the resistivity (Fig. 1) at room, nitrogen,
and helium temperatures has a maximum in the range of alloys containing 22-35 at.% uranium, i.e., in the
range of the 8, phase; the single-phase (8, phase) alloy of zirconium with 27.7 at.% of uranium has not only
the highest resistivity among all the alloys studied but also an anomalous temperature dependénce of its
electrical resistance (as compared with other metals), in that it rises with falling temperature: pp =159.5;
Pn = 162.3; py =163.4uQ.cm.  Inthe two-phase regions (az, +6; and 6; + ayy) the resistivity of the
alloys varies with composition in a manner corresponding to almost hyperbolic curves; the resistance
increases with increasing proportion of the 8, phase. The two=-phase alloys have a normal (pos1t1ve) tem=
perature coefficient of electrical resistance, diminishing with increasing amount of the §, phase. Measure-
ments at 4.2°K showed (Fig. 1) that the equilibrium alloys of the uranium —zirconium system were not
superconducting. '

The results of our present measurements of the resistivity of uranium-inrconium alloys at room
temperature agree closely with our earlier results obtained with samples annealed at 580°C for 500 h [3]
and also with the results of [4] relating to samples annealed at 500°C for 1000 h.

A study of the electrical resistance,of zirconium alloys containing 26 and 30 at. % uranium [11] showed
that the 6-phase of these alloys had a négative temperature coefficient of electrical resistance in the tem-
perature range 90- 870°K. There are no data regarding the resistivity of binary uramum—mrcomum
alloys at very low (under 90°K) temperatures.

Thermo-emf, The curve relating the low-temperature integrated thermo-emf to composition (Fig. 2)
is analogous to that representing the electrical resistance: the maximum thermo-emf also corresponds to
the region of the 6,-phase; alloys containing a large proportion of the 6;-phase have a thermo-emfwithasign -
differing from that of the original components. Since & & (k/e)ATIn(n,/n,) (where k is Boltzmann's con~
stant, e is the charge on the electron, AT is the temperature gradient, n; and n, are the numbers of con-
duction electrons in unit volumes of the metals in contact), the change in the sign of the thermo~emf means,
in particular, a change in the concentration of conduction electrons in the alloy under consideration.

Internal Friction. There are no sharp peaks on the temperature dependence of the internal friction
of uranium, zirconium, or zirconium alloys containing 14.1; 27.7, and 41.6 at, % uranium (these being the
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Fig. 4. Elastic modulus of uranium — zirconium alloys at tem-
peratures: 1) 77.4°K; 2) 295°K. -

Fig. 5. Dependence of the hardness on the composition of ura-
nium - zirconium alloys (T = 295°K). ‘

only alloys so studied) between T, and T,; however, the background of the internal friction depends very
considerably on the composition of the alloy at both low and room temperatures. We see from the curves
relating the internal-friction background to the uranium content (Fig. 3) for three temperatures (77.4; 173,
and 273°K) that the greatest deviation (in the sense of a reduction) from the law of additivity among all the
alloys studied always occurs for those containing 27.7 at.% of uranium, i.e., in the region of the &, phase.

Young's Modulug. On measuring the elastic modulus at 293 and 77.4°K we also found a slight devia-

tion from the law of additivity in the sense of an increase in the Young's modulus of the alloy corresponding
in composition to the §,-phase (Fig. 4).

Hardness. The curve relating the hardness of uranium —zirconium alloys to composition (Fig. 5) has
no sharply-expressed peaks. A flat hardness maximum occurs for alloys containing 40-90 at, % uranium;
in the region of the 6, phase there is a slight deviation of the hardness values from the smooth curve (in
the sense of a reduction), in agreement with the data of [4].

On the basis of the foregoing results we may draw certain conclusions regarding the nature of the
chemical bond in the 6, phase of uranium —zirconium alloys. This phase cannot be regarded as belonging
to the class of ordering solid solutions. The increase in the electrical resistance and the slight reduction
in the hardness of annealed d; alloys testify to the accuracy of this assertion.

The high resistivity, the change in the sign of the thermo-emf,and the anomalous (for metals) tem=
perature coefficient of electrical resistance (the slight semiconducting behavior of the conductivity at low
temperatures) indicate that some of the electrons in the 6 phase are bound. A reduction in the number of
free electrons is possible when stronger directional bonds are created. The thermodynamic and diffusion
characteristics of uranium —zirconium alloys [1-3] in fact indicate an increase in the strength of the inter—
atomic bond in the 8, phase as compared with solid solutions based on uranium and zirconium. This is
also indicated by the reduction in the background of internal friction (Fig. 3) and a slight increase in elastic
modulus (Fig. 4) in the 8, phase relative to the additive law.

Since the appearance of an ionic component is of low probability, owing to the very slight difference
between the electronegativities of uranium and zirconium, we may reasonably assume that the interaction
between the components in the 6, phase is characterized by a mixed metallic — covalent rather than a purely
metallic type of chemical bond. When covalent bonds are formed, the concentration of the conduction
electrons diminishes and may even pass into the range of "semiconducting” concentrations, which leads to
a considerable increase in the resistivity and a change in the sign ofthethermo-emf as compared with the
original components. It was indicated earlier [12] that compounds with a mixed type of chemical bond
were often semiconductors. .
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Qur conclusion as to the existence of a metallic = covalent type of chemical bond in the 8; phase of
uranium - zirconium alloys in no way contradicts the physical nature of the uranium, for which covalent
bonds are quite typical [13], nor the assumption as to the partly ordered, layer-like structure of the &,
phase [14-16], since covalent bounds may arise for a partly ordered disposition of the atoms in the crystal
lattice. This conclusion is also in accord with the results obtained at high temperatures (outside the
range of existence of the §; phase) [1-3], since the extrema there observed on the concentration dependences
of the physical properties may be explained by the fact that the rupture of the covalent bonds and the dis-
ruption of the partial order take place gradually over a wide range of temperatures.
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PHASE STRUCTURE OF NIOBIUM-BASED ALLOYS
IN THE SYSTEM NIOBIUM — TUNGSTEN
— ZIRCONIUM -— CARBON

E. M. Savitskii and K. N. Ivanova _ UDC 669.293.5

The phase diagram of the system niobium-tungsten—zirconium—cafbon has been insufficiently
investigated, although the corresponding ternary systems niobium —tungsten - zirconium [1], niobium
—tungsten — carbon [2] and niobium ~zirconium — carbon [2-5] have been fairly thoroughly researched.
However, data on the phase structure of multicomponent niobium alloys containing zirconium (titanium
or hafnium), carbon, and up to 30 wt.% tungsten are fragmentary [6, 7] and often based on assump-
tions. . ‘

The system niobium —tungsten —zirconium —carbon is one of the most promising for obtaining high~
strength niobium-based alloys with precipitation hardening, which are capable of withstanding considerable
stresses at high temperatures. In alloys of this system, solid-solution and carbide hardening can be
successfully combined.

We have investigated the phase structure of alloys of the system niobium —tungsten - zirconium
—carbon, rich in niobium and containing up to 4 at.% zirconium and 2 at,% carbon (alloys of the cross
section with a constant tungsten content of 10 at.% (18 wt.%) wereinvestigated). The solubility of carbon
in niobium-based alloys was determined at 1800°C, which is one of the most probable temperatures of
strengthening heat treatment of such alloys with precipitation hardening.

TABLE 1. Composition of Niobium-Based EXPERIMENTAL METHOD
Alloys of the System Niobium — Tungsten '

To study the phase regions of the investigated sector
- Zirconium = Carbon uey P reg g

of the phase diagram of the system niobium —tungsten
Admixture - zirconium = carbon we used the microscopic method,

zirconium catbon | zirconium | carbon together with color etching, and x-ray analysis (phase
at.% |wt.% | at.% |wt.% | at.% |wt.%|at% |wr% analysis and determination of the lattice constant); the
0,5 | 046 — | — 1,5 | 1,34 | 0,4 10,047 hardness and microhardness were also measured.
1 0,92 — | — 2,5 | 2,24 | 0,4 {0,047 .
1,5 11,35 | — — 0,5 | 0,45 | 0,65 0,07; Weighed amounts (60 g) of the alloys were melted in
,%:3 %gé‘ N %:g ?;22 8:8?, 8:836 an arc furnace with a nonconsumable tungsten electrode in
- | — 0,2 | 0,023} 2,5 | 2,4 | 0,650,076 an inert atmosphere (purified helium) at 400 torr. To
— — [0,4 |0,047 [ 4,0 | 3,59 | 0,65 [0,076 . . cps . : .
— | — |0,65]0,077{ 0,5 | 0,45 1,0 |0,118 obtain a uniform composition, the bars were inverted five
— | = }g 871%3 }g ?’32 178 8%8 times. The initial materials were niobium, obtained by
— | — |20 {023 | 215 | 2.25 | 1,0 |0.119 electron-beam melting (0.005% oxygen, 0.013% nitrogen,
?;8 8:33 81% 8:83% /1‘8 g:go }:g 8:}%3 0.015% carbon, and 0.009% hydrogen), zirconium iodide,
1,5 1,34 ]0,2 |0,023| 2,5 | 2,26 | 1,5 |0,178 cermet tungsten, and spectrally pure carbon. Table 1
2,5 12,2210,2 |0,023| 4,0 |3,62|4,5 [0,178 . fes
4,0 13,5810,2 |0,023| 1,0 [0,90}2,0 |0,23 gives the compositions of the alloys. Most of the alloys
0,5 [ 0,44 (0,4 (0,047 2,5 | 2,27 (2,0 10,23 i t i is: thi ealed close
10 L0se |04 |00 | 270 [363|30 053 were subjected to chemical analysm,' .hxs rev 1
agreement between the alloy composition and the calcu-
lated values. Alloys not doped with carbon contained a
Note, The tungsten content was constant in all the small amount of carbon (0.015-0.02 wt, %), which origi-
alloys, namely 10 at.% (18 wt.%). nated from the initial niobium,

Translated from Atomnaya Energiya, Vol. 34, No. 2, pp. 89-92, February, 1973. Original article
submitted February 16, 1972. ' .

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Fig. 1. Isothermal cross sectionat 1800°C of the niobium vertex of
the system niobium —tungsten — zirconium — carbon.
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Fig. 2. Microstructure of alloys quenched at 1800°C (X 500): a)
Nb—-0.2 at.% C—10 at.% W(a-solid soln,);b) Nb—0.6 at.% C—10
at.% W(a=-solid soln.+ Nb,C); ¢) Nb=1.5 at. % C =10 at. hW(x-solid
soln.+ Nb,C); d) Nb~0.5at,. % Zr—1at.%C —10at.% W (a-solid soln.
+Nby,C); e) Nb—4 at. % Zr—10 at. % W(a-solid soln.+ W,Zr).

The cast alloys were forged at 1350°C and then homogenized in a TVV-5 vacuum furnace at a residual
pressure of 5 .10~ torr inthe following stages: at 1900°C for 4 h and at 1800°C for 6 h.

Quenching was performed in a current of gaseous helium in a vacuum furnace after high-temperature
annealing at 1800°C for 1 h in a vacuum of 5.107% torr. The cooling rate in the temperature range of pos-
sible decomposition of the solid solution was >40 degree/sec.
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Fig. 4, Microhardness in cross sections of alloys con-
taining 0.5, 1.5, 2.5, and 4 at.% zirconium (a, b, ¢, and
d, respectively) and 10 at.% tungsten as a function of car—~
bon content.

To reveal the microstructure we used an etcher consisting of 2 parts of HF, 2 parts of HNO,, 1 part
of CH;COOH, and 1.5 parts of H,O. '

The lattice constants were determined by a precision method in Ni K,-radiation from the (321) line in
a black-reflectioncamera (oscillating flat specimen and rotating film). The exposure was 2 h, the stan-
dard was gold. X-ray phase analysis was performed on powders in a Debye cameraof diameter 57.4 mm
in Cu Ky -radiation (Ni filters, exposure 5h). Color etching of thin sections was performed in a special
apparatus for electropolishing and electroetching at 20V, using the etcher indicated in [8].' The etching
time was more then 1 min. The hardness was measured in a Vickers apparatus at load of 30 kg; the
microhardness was measured in a PMT-3 durometer at a load of 50 g.

RESULTS

Using the microscopic and x-ray analysis data and the measured values of the hardness and micro-
hardness, we constructed the isothermal cross section of the system niobium —tungsten - zirconium — car-
bon at 1800°C up to 4 at. % zirconium and 2 at,% carbon and with a constant tungsten content of 10-at.% in
the alléys (Fig. 1). ;

At 1800°C, in these alloys the carbides Nb,C and (Zr, Nb, W)C and the compound WyZr are in equi-
librium with the a:-solid solution. At this temperature the solubility of carbon in niobium is ~0.55 at.%
[9]. According to our data, the solubility of carbon in niobium containing 10 at.% tungsten at 1800°C is
also ~0.5 at.% (see Fig. 1). Therefore addition of up to 10 at: % tungsten to niobium has no effect on the
solubility of carbon; this agrees with the conclusions drawn by Taylor andDoyle [10]. The microstructure
of niobium —tungsten alloys containing up to 0.4 at.% carbon is-one-phase (Fig. 2a), but is already two-
phase at a carbon content of 0.65 at. % (see Fig. 2b).

The phase which separates as thin elongated plates is niobium carbide Nb,C. With an increase in
the carbon content of the alloy to 1-2 at.%, Nb,C is obtained in coarser form (see Fig. 2¢). The shape
and number of the carbide particles are particularly distinct when the material is subjected to color etching:
the yellow carbides against the reddish brown background of the solid solution are located at the grains and
along the boundaries as acicular plates of the Widmanstatten structure type. :
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When about 1 at.% or more zirconium is added to niobium —tungsten —carbon alloys, the solubility
of carbon decreases (at 1800°C it falls from ~0.5to ~0.2at.% (see Fig. 1)).

Determinations of the lattice constant (Fig. 3) and microhardness of the alloys (Fig. 4) confirmed
the results of microscopic analysis. The curves plotting the change in the lattice constant and micro-
hardness of these alloys exhibit sharp breaks corresponding to the solubility limit of carbon. For alloys
containing 1 at. % or more zirconium, the breaks on these curves correspond to 0.2 at. % carbon (see Fig.
3b~-c and Fig. 4 b-d).

Note that addition of zirconium to the alloys leads to marked crushing of the large carbide inclusions
and to their more uniform distribution in the base of the matrix. The phases which segregate out are
niobium carbide Nb,C with a hexagonal lattice (see Fig. 2d), and zirconium monocarbide, doped with
niobium and tungsten, with an fce latice: (Zr, Nb, W)C.

The slight decrease in the lattice constant with progressive carburization of alloys containing 1-2.5
at.% zirconium (see Fig. 3b-c) indicates that the niobium-based solid solution loses carbon as a result of
removal as the compound (Zr, Nb, W)C.. In contrast with the coarse acicular phase, the carbide phase
(Zr, Nb, W)C has different and more dispersed segregations.

X-ray phase analysis revealed that the alloys in this part of the system contain the compound W,Zr,
which is a Laves phase with an fec MgCu,~type lattice [1, 11]. According to [1], this phase appears in
niobium alloys at a 4:1 (wt.%) ratio of tungsten to zirconium. The compound W,Zr is clearly observed in
alloys of the system niobium —tungsten — zirconium — carbon. The x-ray diffraction patterns exhibit lines
of only two phases: an indium-based a-solid solution with a bee lattice and a WyZr phase with an fee lat-
tice. Under the microscope this phase appears as elongated and thickened dark veinlets (see Fig. 2e).
The W,Zr phase is not observed in these alloys with a lower zirconium content (1.5 at.%). However, when
the alloys simultaneously contain 2,5-4 at.% zirconium and 0.2-2 at. % carbon, the content of this phase is
much less owing to combination of zirconium to form the carbide phase (Zr, Nb, W)C.

Note that the rate of segregation of the carbide phases is very great; this makes it difficult to obtain
“ strictly one-phase alloys during quenching [12], despite the high cooling rates.

The solubility of carbon in the alloys of this part of the system niobium =tungsten —zirconium — car-
bon at 1600°C is no different to that at 1800°C, judging from microstructural and x-ray analyses and
determinations of the microhardness.

Of these alloys, those of niobium and tungsten with up to 0.7 at.% carbon and 1% zirconium have the
lowest hardness (up to 180-200 kg/mm?) and maximal technological effectiveness. Alloys containing
0.7-1.5 at. % carbon and 1-2.5 at. % zirconium have a satisfactory plasticity and a hardness of 220-240
kg/mm?. Incorporation of these components within the above limits reduces the plasticity of the alloys
owing to an increase in the number and size of the carbide particles.

The (Zr, Nb, W)C phase may be an effective strengthener in niobium-based alloys of the system
niobium -~ tungsten — zirconium «~ carbon, partlcularly if the material is sub]ected to appropriate heat
treatment (accelerated cooling after annealing at 1800-2000°C).
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EXPERIMENTAL FIT.TING OF DATA RELATING TO
THE IRRADIATION OF GRAPHITE IN REACTORS TO
A UNIVERSAL SCALE OF DAMAGE-INDUCING FAST
NEUTRON FLUX

V. I. Klimenkov and V, G. Dvoretskii UDC 539.16.04:621.039.512.45

This problem arises in connection with matching the neutron-induced damage in graphite irradiated
by neutron fluxes of different parameters [1] (for example, when the irradiation takes place in different
reactors or in different parts of the same reactor). The point is that the damage suffered by the graphite
as a result of irradiation depends on the intensity and energy spectrum of the neutron flux causing the
damage.

The results of neutron irradiation may be meaningfully compared if the dose is measured in units of
the integrated fast-neutron flux causing the damage [2]. If we know the intensity and spectrum ofthe neutron -
flux, the results may be fitted to this scale by a computational procedure, allowing for the concept of
equivalent temperatures [3] and the damaging capacity of neutrons of different energies over the whole

spectrum [4, 5]. If the spectrum of the neutron flux is
unknown a calibrating experiment differing fundamentaly

A g %t,cm'z from experimental matching [6, 7], may be necessary. In
=y ’ E 4 the latter case, the neutron flux density is expressed in
s0F 2 s terms of a known spectrum with a specific lower energy limit
C ] (for example, >0.18 MeV). '
w0 |- " =P Experimental Method. The calibrating experiment is
[ 05 . carried out as follows: An ampoule containing a graphite
- 04 4 - sample and an activation threshold detector (for example,
— 0" Ni%®) is irradiated in a reactor for a time t{,.. The irradi-
150 - 02 3 . ation is carried out at that point of the reactor for which
| = matching is required. The ampoule should not seriously
N o1 -] o affect the parameters of the neutron field.
e 206 E d From the specific activity of the threshold detector the
3 ' 34 equivalent fission neutron flux <I>fN- is determined. For this
10 1= 004 _f 3 purpose we use the cross section of the (n, p) threshold
: 1 reaction averaged over the fission spectrum. The integrated
0z 1, @%.ti ¢r Should not deviate very greatly from the range
i 3 101123108 neutrons /cm?, while the graphite irradiation
g1 . temperature T, .. should lie in the range 100~150°C.
fﬂ=2””(""'””"’4 N(@yt ™) 4 n In the irradiated graphite sample the residual radiation
190 : ‘ increment in electrical resistance Ap/p is determined; then
Fig. 1. Nomogram for solving the from the fall in electrical resistance which occurs on anneal=
calibration equation in the case of PGG ing Ap =f(T,,,) the graphite irradiation temperature is
graphite (perpendicular to the direction found [8]. The temperature measurement may be duplicated
of cutting the sample). ‘ by using the diamond method [9].

Translated from Atommaya Energiya, Vol. 34, No. 2, pp. 93-96, February, 1973. Original’
article submitted January 31, 1972.
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Fig. 2. Cartesian abacus for the irradiation temperature,
neutron flux, and graphite irradiation equivalence criterion.

TABLE 1. Results of the Experiments and From the value of Ap/p and also that of <I>fNi deter-
Analysis mined from the activation threshold detector, with due
Irradiation allowance for the irradiation temperature, we find the
Parameter channel 14 channel4 conversion factor for converting the equivalent fission
1 1T 811 v neutron fluxes at the points of irradiation in the reactor
_ in question to the universal scale of the fast neutron flux
tirr %1075 sec 2,55 9,9 4,75 0,155 ® 4¢ causing the damage:
@’y X 10712 neutrons 1,3 0,95 1,3 146
/em - sec? ’ ' hpo =Dy, /0L . - (1)
©f;, 10"® neutrons/cm?| 3,32 9,40 6,17 1,68 - s =Pas/ O
T; °C 10 10 1 100 P : . .
Ao g 64 f ” 53 ool 240 This is done by means of a calibrating formula [2] derived
2 ’ ! ! ! for graphite of the PGG type cut perpendicularly to the
@44, X10712 neutrons 3,84 2,72| 3,68} 382 . R
om? - sec axis of formation
T, °C 72 78  [120 40 ‘ .
ke 2,95 2,501 2,83 2,62 0.75
Ap/p=10.030 (1 —0.00514T) (D 452-10716)" 2)

where T is the irradiation temperature in °C.

The relationship described by this formula is valid for the calibrating value of the damage-inducing
flux ®4fc = 2.65 X 10" neutrons/cm?-sec. If in any experiment the irradiation is carried out with another
value of &4f, the concept of equivalent temperatures is applied to the ratio ®3t/®35c- However, the
problem is complicated by the fact that the quantity ®4f is unkown, and an iteration method is required
(1, 2, 10].

Method of Analyzing the Experimental Data. In order to simplify the iterative calculations anomogram
is used (Fig. 1) for solving Eq. (2).with respect to ®qt-  The first value of &3¢t obtained in the first :
iteration from the experimental values of Ap/peyp and Tjypp enables us to determine

Oy = Dartle @)

ur

to a first appi‘oximation.
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If this quantity differs from the calibration value of $4f equal to 2.65- 10!! neutrons/em? - sec. (it is
usually higher than this), thé conditions of Eq. (2) are not satisfied. A correction has therefore to be
introduced. For this purpose we have to determine the equivalent temperature, Teqi (lower than T;..).
When irradiating in a flux of &g this gives the same rate of damage as is obtained on irradiating in a

higher flux of ®4f; at a higher temperature Tj,, [11].

For the resultant values of Te 1 and Ap/p a second value of ®4it)2 is found by means of the nomogram
in a second iteration; as in expression (3), this is then used to determine ®g4s = (®gst)s/tirr. . The whole
procedure is then repeated until constant values of Tgq and ®qfp not varying from one iteration to another
are obtained. This means that the conditions imposed upon Eq. (2) are finally satisfied. From the res-
ultant value of ® ¢, we then determine the desired conversion factor kfx from Eq. (1). Now all the values
of tI>fNit obtained in experiments relating to the irradiation of graphite at a specified point of one particular
reactor X have to be multiplied by this conversion factor in order to obtain the integrated neutron-irradia-
tion dose in universal units of the neutron flux ¢4t causing the damage.

The application of this concept may be greatly simplified (as' compared with the method proposed
earlier [11]) if we introduce a continuous dependence on the ratio of the fluxes. On the basis of the same
simple principles as were used to initiate the concept [10], we may establish a dimensionless similarity
criterion (that of Kurchatov) for equivalent conditions of irradiation with respect to neutron flux and
temperature:

O lnﬂ)dj 4
Ky=-— LU g “)
v ke + @

In the temperature range T(°K) in which the activation energy of the radiation defects in graphite Q
may be regarded as identical, a constant value of the similarity criterion Kv for a number of cases of
irradiation with differing values of ®4¢ and T;., implies equivalence of the conditions of irradiation,
giving an identical rate of graphite damage (k is Boltzmann's constant), The Cartesian abacus shown in
Fig.zz easily enables us to select equivalent conditions over a wide range of ®4¢ (we take ¢, = 1 neutron
/em? - sec).

Results of Experiment. Irradiation was carried out in channels 4 and 14 of an SM=2 reactor (not
at nominal power). The stainless steel ampoules each contained two samples of PGG graphite cut perpen-
dicular of the axis of formation. Threshold indicators 10-20 mg in weight, in the form of discs 2 mm in
diameter, cut from nickel and carbonyl iron foil (0.05 mm thick), were placed in a miniature cadmium
capsule (wall thickness 1 mm). Diamond powder was placed in a similar capsule made of aluminum.

The activity of the threshold indicators was measured, after irradiation, by a relative method, by

- comparing the indicator measured with a standard indicator of known activity and identical geometry, the

relative error not exceeding +8%. The electrical resistance of the graphite samples before and after
irradiation was measured by the ordinary potentiometrie method, by comparing the fall in voltage in a
standard resistance and the resistance used for measuring the error was only one in the third decimal
point when determining the relative increment in electrical resistance.

Table 1 shows the experimental data and the results obtained on analyzing these in order to deter-
mine the conversion factor. The mean experimental value of k¢, for channel 14 of the SM-2 reactor
(irradiations I-III), equal to 2.75, was quite close to the caleulated value of K¢y = 2.86 [2] obtained from
the known spectrum in this channel. We see that the method here described yields perfectly acceptable
results. The use of this method is desirable when comparing data relating to the behavior of graphite
obtained in different types of reactors [12], in foretelling the behavior of graphite in the piles of uranium
-~ graphite reactors [13], and also when studying the difference in the behavior of the graphite inside
individual units of the piles [14], for which it is important to consider the difference not only in the irradia-
tion temperature but also in the neutron spectra. A disadvantage of the method is its limitation to fairly
low graphite irradiation temperatures. However, this refers not to the irradiation of graphite in a
research program but only to a specific calibration experiment. This limitation is therefore only impor-
tant when the required (lowish) temperature cannot be achieved in the reactor., As regards the apparent
disadvantage arising from the fact that the method is related to a specific type of graphite, we see from
Eq. (2) that the problem reduces to one of introducing a correcting factor px/ppgg on the right-hand side
of this equation, where py relates to any type of reactor graphite [2].
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UNIFIED INDUSTRIAL SYSTEM OF NUCLEAR
INSTRUMENTS FOR INSTRUMENTAL
ACTIVATION ANALYSIS

B. G. Egiazarov, V. V. Matveev,
and Yu. P. Sel'dyakov . UDC 543.53:539.1.07.543

The progress of technology is indissolubly linked with the production of new materials and the manu-
facture of objects based on these; it is accordingly vital to create rapid precision methods of monitoring
the elemental composition of materials. Analytical methods based on classical approaches (chemical,
physicochemical, spectroscopic, mass-spectroscopic, and others) have certain specific advantages; how-
ever, not all the problems asgociated with elemental analysis can be operatively solved by these techniques.

The initiation and development of one of the several nondestructive methods of analyzing the composi-
tion of materials, instrumental activation analysis [AA), which is widely employed in various fields of
science and technology, have resulted from this lack. It is therefore desirable to determine the principal
requirements laid upon the analytical apparatus.and the general approach to the creation of activation com-
plexes. ' ' :

Necessary Limitations

In solving a problem of this kind we envisage certain basic limitations which enable us to reduce very
considerably both the composition of the system and the modificationwhichhave to be made to the instru—~
ments and equipment. These limitations may naturally be expressed in terms of the basic or common
problems and principles involved in JAA.

The most promising and extensively invoked applications of IAA now in existence for scientific and
industrial purposes are the methods of neutron and gamma-activation analysis. These methods may be
used with various sources of activating radiation derived from various types of nuclear reactions [1]. In
our own opinion, industry, in particular, will continue to favor instruments based on relatively simple,

" compact, and inexpensive controllable radiation sources of the accelerator type, or on isotope sources.

The radioactive isotopes formed as a result of activation emit various forms of radiations: y quanta,
neutrons, and charged particles. The various forms taken by these radiations and their varying energy
and space ~time parameters necessitate the use of a variety of detection units and systems, which in turn
determine the secondary recording apparatus required. On classifying the various methods of activation
analysis by reference to the form of the secondary radiation recorded by the apparatus, we readily estab~-
lish that methods based on the recording of y radiation have the greatest practical value [2].

In analyzing possible versions of various IAA systems and complexes, we may note the general
requirements imposed upon analogous units and instruments [3]. In their functional structure, IAA
systems and complexes comprise characteristic units differing as regards design and practical construc-
tion. These units include: 1) the source of activating radiation; 2) the transporting system for conveying
the samples from the irradiation to the measuring zone and vice versa; 3) induced-activity detection
devices; 4) signal-recording tracts, including units of amplitude and time selection, as well as units for
the storage and processing of the data; 5) a system for controlling the complex.

Such was the functional appxjoach adopted in setting up the first Soviet unified IAA system.

Translated from Atomnaya Energiya, Vol. 34, No. 2, pp. 97-104, February, 1973. Original
article submitted September 4, 1972. ' "

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Str'eet, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.

124

Declassified and Approved For Release 2013/09/15 : CIA-RDP10-02196R000400010002-8



Declassified and Approved For Release 2013/09/15 ;. CIA-RDP10-02196R000400010002-8
Unified System

The unification of any system is based on unifying the technical arrangements and practical structures
entering into the system of objects envisaged. The first step in unification and compaction is that of
choosing the principal constituent units. Then the dimensions of the frames carrying the electronic
circuits and the order of their installation have to be established. The next stages take in complete
working units, then whole instruments, and so forth, In this sense complexes are the highest stage of
unification; their structure, composition, and parameters are determined by the purposes actually in
hand, and allow for the specific characteristics of the various IAA applications envisaged. An analysis of
the construction of the apparatus in purpose-built IAA systems, allowing for the views of specialists and
initial experience in the creation of such systems, showed that in the construction of a unified IAA system :
the functional approach was the best. The instrumental composition of the system about to be considered
was by this method determined.

1. Atwo-channel pneumatic shuttle (PS-2) (Fig. 1) with a central control desk (CCD) is widely
employed in carrying out the simultaneous activation analysis of the sample (containing the material under
analysis) and a "standard" (substance with a known content of the element to be determined). Since in this
case all the succeeding stages in the analysis are carried out synchronously, there is no need to monitor
the neutron flux and introduce corresponding corrections in subequent calculations,

The pneumatic shuttle comprises a two-position pneumatic delivery with corresponding chambers and
prneumatic equipment (compressor, storage device, valves, etc.). Each channel of the pneumatic delivery
contains chambers for irradiation, measurement, loading, and ejection, connected by a polyethylene
specimen conduit 16 mm in diameter. The ampoules for the sample and standard are made of polyethylene
and have the following dimensions: external diameter and length 15 and 46 mm, internal diameter and length
10 and 40 mm, maximum weight of the samples ~50g. For introducing the ampoules into the specimen
there is a loading chamber containing a cassette with ten ampoules. The irradiation chamber is designed
so as to place the ampoules in the field of ionizing radiation. In order to ensure adequate activation of the
sample and "standard", during irradiation these are rotated around their axes in a plane normal to the
flux of activating radiation. The measuring chambers serve to fix the ampoules in relation to the units
detecting the radiation of the induced activity. During the measurements the ampoules are rotated. The
length of each channel of the specimen conduit is up to 25 m. The rate of feeding the samples is no less
than 10 m/sec. In order to monitor the position of the samples in the conduit a photorecording system is
provided, connected to the pneumatic display on the control desk,

The orders required to control the pneumatic shuttle are sent from the control desk, which contains
a pneumatic shuttle control unit and a timer. The pneumatic shuttle may be governed from the desk
either manually or automatically. Inthe automatic control mode the timer independently specifies five
time intervals (irradiation, first holding period, first measurement, second holding period, second
measurement) between 1 sec and 59 min 59 sec with a step of 1 sec. If necessary up to ten repeated
measuring cycles of each sample may be given from the control desk.

2. A single-channel pneumatic shuttle (PS-1) with a central control desk (CCD) delivers the sample
to three positions: the irradiation zone, the measuring zone, and the place at which the sample is proces-
sed radiochemically. 1In contrast to the two-channel pneumatic shuttle, this one has the following auxil-
iary devices: a pointer enabling the direction of delivery of the samples to be reversed, a cooling chamber
for holding the samples after irradiation, a final ejection chamber which may be placed in the radiochemi-
cal laboratory room. The main technological characteristics of the pneumatic shuttle PS~1 are analogous
to the PS-2.

The central control desks of the two systems are unified. In order to convert the CCD from one
system to the other it is sufficient to change the control unit for the pneumatic shuttle,

3. An all-wave neutron monitor (ANM). Since the unified system here developed is mainly intended .
to provide activating radiation in the form of fast neutron fluxes, the control desk contains a neutron
recording tract enabling the neutron flux to be regulated. The neutron monitor may operate with two de-
tection units in the irradiation zone. One of these is a "long counter" and the other a scintillation counter,
The use of a thin scintillator in the latter unit facilitates control of the energy distribution of the fast
neutrons, which is necessary in carrying out certain kinds of analysis. This electronic recording tract of
the fast neutron monitor comprises an amplifier, a discriminator, an intensity meter, and a conversion
(scaling) unit. ‘
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Fig. 1. Block diagrams of various activation devices derived from the uni-
fied system of nuclear instruments: 1) Simplest arrangement with a single-
channel stabilized pulse analyzer; 2) the same arrangement but with a multi-
channel pulse analyzer; 3) arrangement with two detection units and the sum-
mation of information; 4) arrangement with two channels of amplitude analy~
sis; 5) combined arrangement with information-extracting units; 6) arrange-
ment with a semiconducting v radiation spectrometer; 7) arrangement with a
multicrystal total coincidence spectrometer; 8) arrangement with single-chan-
nel analyzers (sample — standard); 9) a similar arrangement but with two tracts
of amplitude analysis in the sample and standa;d channels; 11) arrangement
with time-sequential measurements of the sample and standard activity (in one
_or several channels); 12) combined arrangement with a semiconducting spec-
trometer (in the sample channel) and a scintillation spectrometer (in the stan-
‘dard channel); 13) arrangement with semiconducting spectrometers in two
channels (sample and standard); 14) complex four-channel automated arrange-.
ment with a device for processing the results of the analysis. I) Irradiation
zone; II) measuring zone; S) arbitrary symbol for biological shielding.

4. The scaling unit with its digital display (SU) is designed for a load of up to 4.10° pulses/sec. The
information is brought out to gas-discharge digital indicators. The scaling unit may operate under manual
or automatic control. In the latter case it may receive "start" and "stop" instructions (for example, from
the central control desk timer), corresponding to the beginning and end of a specific time interval,

5. The stabilized scintillation detection unit (SSDU) together with the tract of a single~channel stabi-
lized analyzer (SSA) form a constituent part of the spectrometer with the following parameters: detector
—sodium iodide activated with thallium, dimensions ¢$150 X 150 mm; energy resolution~12% on the 661
keV line; stabilization factor —at least 50; number of levels of discrimination (channels) —100; width of
differential window —2-35 channels; maximum load—up to 2 - 10°pulses/sec; time instability—no worse
than 1%; integrated nonlinearity —no more than 1.5%; dead time of the discriminator 2 usec., The signals
from the output of the SSA may be passed for storage to the SU and for subsequent processing to the time
selector.

6. A four-channel spectrometric unit (SP-4) with a set of four detectors (SSDU) and lead housings for
siting these (LH); this consists of four identical tracts incorporating single-channel spectrometers (SSA).
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In order to broaden its potentialities, the device includes time selectors-so as to facilitate any choice of
information in conjunction with the amplitude selectors. The -resolving time of the "fast" and "slow"
coincidence circuits are 0.1 and 1 pusec respectively. . The t1me delay in. one of the. tracts of the apparatus
for recording chance (random) coincidences is 2 io 1 psec. ’

N

The installation dlso contains Lntensxty-addmg units and gatmg ciréuits. --One feature ofthe spectrom-
eter circuitry lies in its ability of be used either as four (or less) 1ndependent single-channel spectrom-
eters or as two identical spectrometers operatmg inthe 47 measuring mode or in‘the mode of fast/slow
coincidences with due allowance for those of a ra.ndom nature.

The gating c1rcu1ts may be controlled from the control desk in such a way as to allow information to
be transmitted solely during the "measurmg" period. Information from ‘the output umts of the installation -
may be passed to the scaler SU or other devices for storage

7. A computer (COM) is prov1ded for processing: the' results of the analy51s This constitutes a
specialized electronic computing system containing three arithmetical and two command (order) recording
units, an operative memory, and a permanent recordlng system containing the algorlthms for processing
the information. The" algorlthms for processing the results of the measurements enable the concentration
of an element to be calculated a) from one separated v line, without allowing for contributions from inter-
ferlng reactlons, w1th a constant background of the matrlx ‘(for example, 1n determlmng oxygen content),
¢) as in a) but allowing for 1nterfer1ng reactions (spectral-rano method) d) from cascade ¥ lines with a
constant matrix background (for example, in determining nitrogen content); e) as 1n d) but with a variable
matrix background (for example, in determining n1trogen m f1ss11e materxals) o

The concentrat1on of the element to be determined (wt %) is calculated from the generahzed formula
\ _i 1 . (Nsam‘—q’i), (Nsamz—CDz) Al . -
N [ Wy — D) A—p) A]"’ cnf‘j ‘ o :

sam -

.

where k is a constant, allowing for the mass of the standard, the amount.of the element which it contains,
the difference in the conditions of recording the sample and standard,and so-forth, mggay, is the mass of
the sample, Ngam1» Ngamsz» Ngt are the numbers of count$ from the sample in two time intervals and from

Fig. 2. General view of the KAMA=~1-01 complex:
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the standard, ®,, ®,, ®g¢ are the number of background counts on the sample and standard tract, 1x are
the known or independently determined contents of interfering elements in the samples, ¢ is the contribu~-
tion introduced by the interfering elements when measuring the element to be determined, A is a constant
allowing for the presence of the element to be determined in the ampoule material, and o, 8 are coeffi-'
cients. The transformation of the generalized formula into a specific expressions for calculating the

- concentration of the element may be achieved by inserting the corresponding data.

The relative error is calculated by means of the computer using the formula

6 (N14+Dy)+a (N2 4+-Dy) Nst +‘Dst
(Vi— O —a (N, — D) T (Ngp— Dgy )2

In this way the mean and the error of the mean may be deduced as follows

__im 8 l/-z"lz
S

The orders specifying the choice of processing algorithm, the initiation of the processing, etc. are
directed to the computer from the control desk. The results are brought out to digital displays and a
digital printer.

8. A universal total coincidence spectrometer (UCS) with a multicrystal system of detection units
(MCDS). The spectrometer incorporates three detection units and amplitude-time selectors. The scin-
tillation tracts of the spectrometer have an amplification-factor stabilization circuit analogous to that used
in the one- and four-channel spectrometers of the unified system. The presence of the fast coincidence
circuit and the unit for the linear addition of pulse amplitudes facilitates use of the spectrometer under a
variety of conditions (47 measurement, separation of cascade v lines with respect to the peak of the sum,
the Compton mode, the pair mode, etc.).

9. A7y emission spectrometer (GES) with a semiconducting detector (SCD). The principal param-
eters of the spectrometer are: detector —planar and coaxial germanium with a volume of 5-60 cm?® (to
order); energy resolution — 3.0-6.0 keV of the 661keV line; integrated nonlinearity —no greater than
0.2%.

The use of an SCD spectrometer together with a multichannel pulse analyzer and a VUS-2 instrument
enables more complicated v spectra to be studied. -

10. A multichannel pulse-amplitude analyzer (PA) extends the potentialities of activation analysis.
In the information-storage tracts the signal amplitude is converted into digital code. Units for stabilizing
the conversion process are provided in the spectrometer in order to ensure a high stability of the conversion
coefficient during prolonged measurements.

An information-storage unit with 1024 channels and a channel capacity of 10° with digital discrimination
units enables specific parts of the energy spectrum to be selected, and also recorded in individual groups of
the information-storage system. In addition to the storage of information relating to the whole spectrum,
the experimental worker is enabled to isolate and store information in individual groups (splitting the _
store memory into groups 1024 X 1, 256 X 4, 128 X 8, 64 X 16, 32 X 32) and alsothe realize other modes of
storage in accordance with specific requirements. The presence of digital discrimination units enables
time~correlated information to be stored (when working with two or three detection units). The cor-
responding problems inculde: seeking and separating cascade lines, ensuring analytical resolution in the
presence of cascade transitions, realizing the conditions of a pair spectrometer with three coincidences
and control based on an annihilation radiation peak, and so forth. The digital discrimination units are
able to record spectra independently (in accordance with specific requirements) in the four groups of the
analyzer memory and distinguish up to four subgroups in each of these. These potentialities enable the
experimental worker to carry out investigations involving contributions from interfering reactions,
investigations based on the method of spectral ratios, and so on.

For the operative control of a set of information, the "zero" channels of the analyzer are used, to-
gether with a scaling unit, by means of which the experimental worker may determine the total number
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of pulses in the whole spectrum or in any part of the spectrum separated out by the digital discrimination
unit,. The analyzer enables control operations to be carried out on the basis of the number of counts in
any of its channels or "dead-time" counters, and also allows the spectra to be normalized with respect
to the area and nurnber of counts in any selected channel. - : e

The information is taken out to the screen of a cathode-ray tube, digital displays, and a digital
printer; when using the AP-1 istrument the data obtained from the analyzer may be dlrectly translated
to a computer or tape-puncher. ,

11. A digital printer (DP).

12, A device for passing the results to punched tape (PT) or punched cards (PC).
13. A device for directly transferring the data to a computer (DTD).

14. A vy radiation dosimeter with a signal system (GDS).

15. A v radiation dosimeter (GD).

16. A neutron dosimeter (ND).

Certain nuclear instruments forming part of the unified system are standard and are already being
produced by industry (for example, dosimeters, digital printers, etc.).

Possibilities of synthesizing activation devices of different complexities and with different purposes
using the unified system of nuclear instruments and equipment under consideration are illustrated in Fig. 1.
Of course, the arrangements illustrated by no means exhaust all possibilities; in Fig. 1 only a few ver=
sions are shown. The first arrangements are based on a single-channel pneumatic shuttle system, so that
in these the activating radiation flux monitor is designed for normalization of the data. A set of dosimetric
instruments is required in all the arrangements. We see from the designs illustrated that, by basing the
- sets of measuring instruments required for instrumental activation analysis on the unified systems here
described, a considerable flexibility may be achieved in the construction of various forms of activation
equipment.

In the middle of the sixties two main tendencies became readily discernible in instrumental activa-
tion analysis, the measuring equipment required in the two cases being essentially different: The first
was associated with the mass analysis of one or a small number of elements in samples of similar com-
position (problems of this kind are most frequently encountered in the industrial applications of instru-
mental activation analysis); the second was associated with work of a research and methodical nature as
carried out in scientific-research laboratories and centers.

These two spheres of activity embrace a large number of analytical problems. We may demonstrate
the potentialities of the unified system under consideration by taking as an example the construction of sets
of apparatus satisfying the requirements of these two aspects of investigation,

‘The KOA-1-01 complex (Fig. 1, 1-14) is designed for the automated analysis of one or a small num-
ber of elements in samples with the same (or little varying) matrix (base), In order to ensure high ef-
ficiency of the analysis, a method is provided for comparing the induced activity in the sample with a
standard. The technical realization of this method.is based on a two-channel pneumatic shuttle system
for simultaneously moving the sample and standard, and also identical tracts for measuring the induced
activity of the sample and standard. '

The KOA~-1~-01 complex consists of three units: 1) A pneumatic shuttle system (PS-2 and CCD); 2)-a
four-channel stabilized scintillation spectrometer (SP-4 and SSDU); 3) a computer for analyzing the results
of the measurements (computing unit CU and digital printer DP). The external view of the KOA-1-01
complex and its main constituents are described in {4, 5].

The KAMA-1-01 complex (Fig. 1, 1-7) is intended for processing various methods of instrumental
activation analysis and carrying out analyses for large numbers of elements. The tolerances relating to
errors and the reproducibility of the measurements in this system are less stringent than in the KOA-1-01,
and only a single-channel pneumatic shuttle is required. The results of the analysis (proportions of the
elements) are obtained after normalizing the data with respect to the neutron flux by reference to the
readings of a monitor.
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Functionally the KAMA-1-01 consists of two subsystems: 1) A pneumatic transportation system
(PS-1 and CCD); 2) a universal gamma spectrometer comprising a multipurpose scintillation gamma
spectrometer, a semiconductor spectrometer, a device for storing information based on a multichannel
analyzer and scaling unit, and also peripheral apparatus for extracting the information,

A general view of the KAMA-1-01 complex in laboratory form is shown in Fig. 2, and individual units
in [5]. .

The sensitivity of the two complexes for analyzmg oxygen and nitrogen is 20-400 and 400-600 pulses/
mg respectively (the 14 MeV neutron flux equals 1010 neutrons/cm? . . sec).

In order to estimate the reliability of the results of an analysis based on the foregoing complexes,
experiments were carried out to determine the apparatus error due to inaccuracy in siting the ampoules in
the irradiation and measuring chambers, instability of the electronic systems, etc. Experiments were
carried out to determine the reproducibility of the results obtained on measuring the amount of oxgyen in
Plexiglas. An analysis of the results of repeated measurements showed that the apparatus error in the
measurements (the reproducibility) equalled 0.7% for the KOA-~1-01 and 4% for the KAMA-1-01 without
allowing for statistical errors. The actual data relating to the results of these analyses are presented
in (4, 5].

The unified system described in this paper and the basic complexes derived from it may be supplied
to customers on ordering through the V/O "zotop" trade organization [6].
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REVIEWS

NUCLEAR SPECTROSCOPY AT
THE RADIUM INSTITUTE*

B. S. Dzhelepov, N, N. Zhukovskii,
R. B. Ivanov, and V. P. Prikhodtseva _ UDC 543.42

In 1945, V. G. Khlopin and P. I. Lukirskii suggested to B. S. Dzhelepov that research on nuclear
spectroscopy be initiated at the Radium Institute. The nuclear spectroscopy laboratory came into being
some time after that. The laboratory has always been a small one, accommodating never more than a
dozen or se physicists-and two radiochemists. Nevertheless, while it has been in existence the laboratory
staff working there have published a total of 189 research papers, and the Radium Institute ha.s been awarded
the "For the best work" prize on eight different occasions.

On three occasions the laboratory has successfully gone beyond the "front lines"” of nuclear spec-
troscopy: the staff has devised instruments which were, in terms of some of their spectral characteristics,
the best in existence anywhere in the world, and these instruments have been invaluable in securing espe-
cially useful research data.. Three groups of research efforts and papers which briefly illustrate the
development of nuclear spectroscopy as a whole are mentioned in the text below.

In the first example, magnetic spectrometers for y-rays were involved: there were the retron machine
(built in 1948 [1]) and the electron machine (built in 1953 [2]). During the first decades following the dis-
covery of radioactivity, there were no methods available for the study of the spectra of hard y-rays. The
' first paper on y-ray spectroscopy appeared in 1927, authored by D. V. Skobel'tsyn [3]. The spectrum of
Compton electrons knocked out of atoms of a gas by hard y-quanta was studied in a Wilson cloud chamber
immersed in a magnetic field. The source of radiation in that case was radium in equilibrium with its
decay products. y-Ray spectrum of radium obtained by D, V Skobel'tsyn is shown in Fig. la.

Research at the Radium Institute also include analysis of the spectra of recoil electrons knocked out
of thin polystyrene films. Refined twofold focusing of electrons in a magnetic field, and electrical record=-
ing of coincidence events, were utilized in this analysis. From 1950 through 1966, the retron and electron
spectrometers were used in the study of y-ray spectra of over 30 radioactive nuclides [4-9]. These were
the best y-ray spectra obtainable durlng that time. The spectrum of y-rays emitted by radium is depicted
in Fig. 1b [9].

In recent years, y-ray spectroscopy has undergone still further development: scintillation spectrom=-
eters have made their appearance, and later Ge(Li)-spectrometers. The 7y ~-ray spectrum of radium which
was measured in 1969 by Lingeman et al. [10}is shown in Fig. le. Thus, the development of y-spectro-
metric techniques and hardware over the past 45 years is lucidly mirrored in Fig. 1a, b, c.

The second group of research papers forthcoming from the nuclear spectroscopy laboratory pertained
to a-ray spectrometry. Until 1950, analysis of the spectra of a~particles has been performed primarily
with the aid of ionization chambers, or in spectrometers with a uniform magnetic field (Rutherford spec—
trometer). The first group of instruments exhibits large aperture (high luminosity), but poor resolution;
the second group exhibits excellent resolution at the cost of low luminosity. ’

*This report was delivered at the jubilee scientific session devoted to the 50th anniversary of the Radium
Institute (January, 1972).

Translated from Atomnaya E_nergiya, Vol. 34, No, 2, pp. 105-109, February, 1973. Origina_ll
article submitted July 14, 1972,

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publtsher A copy of this article is avatlable from the publisher for $15.00.

132

Declassified and Approved For Release 2013/09/15 : CIA-RDP10-02196R000400010002-8




1764

Declassified and Approved For Release 20

2446

2297

2204 -

609

120

352

H_.p)‘g. ¢

Jonn. 4000. 3000 6000 7000 8000 4000

2000

1060

N, counts/min

122 .

"

10t~

£94¢

805+—8L5Y

609

o

1]
o
3

zer (L

1-1-‘_4‘01

/

ium.

Fig. 1. Spectrum of Ra?%® y-quanta in Ra’*® equilibr

with decay products: a) spectrum obtained by D. V.
Skobel'tsyn in 1927 [3].on basis of recoil electrons in

(c) spectrum measured

by Lingeman et al. [10]in 1969, using Ge-(Li)a-_detectors.

.
b

P

Wilson cloud chamber; (b) spectrum measured on elotron

at Radium Institute [9] in 1958

13/09/15 : CIA-RDP10-02196R000400010002-8

4em

9%/

gt

2667
L1042

1oLYh2
99s85

p L9681
7060 ves81
2001

99884

soL %627

+ooor_,
052627 79

95241 N
f— 3. 4, S
1L 4022, 00 ‘ S
9901 foue
/4 y
" v A lm;zz . ]
£op6 5642
£rvgL
» 19861 : ]
%5041 Xyl w9z
Z6im .
¥ 6094 p o
B 99608 ]
om” 905z
| {eE 0987 o692 s
9Ly - s
LIS Lz9z
o . §EOLL
TP = 2224 q
P #294941
z%ez .
2295221 L ¥EET
92021, R4
) -292‘#0225 o3 _
£50u 7
. p'eeu
- 4,
foes  ; $T62] . | -
K i3 S S Q
sostnd Jo 18quuny =
133

Declassified and Approved For Release 2013/09/15 . CIA-RDP10-02196R000400010002-8'

Channel number



Declassified and Approved For'ReIease 2013/09/15 : CIA-RDP10-02196R000400010002-8

Of course, o~ray spectra exhibit a fine structure with components differing tens of thousands of times
in intensity while the concomitant difference in energies is insignificant. Similar cases are encountered
most frequently in the decay of nuclei having an odd number of nucleons; the excited states of the daughter
nuclei of those nuclides are highly numerous and are situated close together, Under those conditions, in-
vestigation of a=decay with the aid of the methods already mentioned has little effect, and it became ob-
vious, after f-ray spectrometry had been converted to the use of nonuniform magnetic fields, that such
a conversion was also feasible in w-ray spectrometry. Reliance on the principle of focusing charged
particles in a nonuniform magnetic field has made it possible to step up the luminosity of the instruments
several tens of times without loss of high resolution.

The first instrument for these studies was built by a team headed up by L. L. Gol'din in 1956 [11].
The instrument proved useful in uncovering a host of interesting results, but the spectrometer luminosity
left something to be desired, so that it proveddifficult to study faint a-lines Wwith the instrument. This
meant that it was still necessary to devise instruments of greater aperture and with greater equilibrium
orbit radii. :

The a~-ray spectrometer built at the Radium Institute in 1959 was designed for maximum luminosity
a a line half-width ~7keV. The radius of the equilibrium orbit was 33.5 cm, the luminosity 0.21% of 4w
" [12]. This instrument was employed in studies of the spectra of nuclides Cm?427246 py?39=241 (23 ang
Ac?®, and its daughters [13, 14, 15].

An oz-ray spectrometer such that R = 150 cm was built by S. A. Baranov and colleagues in 1959 [16],
and later by V. G. Chumin and colleagues in 1967 [17]. These spectrometers featured a resolving power
of 1.3-2.0 keV at a luminosity of 0.04-0.09% of 47, Figure 2 shows, as an example, images of the a-lines
obtained by staff members of the Radium Institute and of JINR [18] in studies of Ac??5 a-ray spectra,

The third instrument devised by the Radium Institute was a 8 ~ray spectrometer with double focusing
by a toroidal field (the "double orange™) [19].. A schematic arrangement of this device is shown in Fig. 3.
The use of a toroidal field provided excellent luminosity, while double focusing and spaced-out counters
made for a low background of 4 to 5 coincidences per hour. The instrument can be used to measure spectra
of conversion electrons emitted by very weak preparations. In the range Z =30 and AE = 1 MeV, the
conversion ratios are very low (10~° to 10™%), and instruments of this type are needed for conversion
measurements in neutron-deficient isotopes. Figure 4 shows the Ga®® lines K-1106 and K-1336. The conver-
sion ratios for those lines are respectively (2.7 = 0.4)- 10~ and (1.6 + 0.4) - 10~ [20].

N : , E5829 2 KeV
400

200
, Ea=5792,5

Eq=0790,6

N
0 g4 33 32 31 50 29 § 5 4 3 2 1 r,mm
Fig. 2 Fig. 3

Fig. 2. Portion of Ac??® y-ray spectrum with a-transitions 5790.6 and 5792.5 keV (here r is the distance
on the photographic plate; N is the number of a-tracks in the 400 y band).

Fig. 3. Schematic design of B-fay spectrometer in plane of pole pieces: 1) source; 2) lead absorber; 3)
. diaphragm; 4) Geiger counter; 5) cathode follower; 6) photomultiplier; 7) acceptance slits and plastic
scintillator; 8) pole pieces.
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Fig. 4. Conversion spectrum of Get?,

A lot of other research work has also been done in the nuclear spectroscopy laboratory: investigations

of the properties of neutron-deficient nuclides, investigation of annihilation, etc. [21-29].

= O DN
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BOOK REVIEWS

NEW BOOKS

E. E. Berlovich, S. S.Vasilenko, and Yu. N. Novikov,

Lifetimes of Excited States of Atomie Nuclei¥*

The book goes into various aspects relating to the study of lifetimes of excited states of nuclei. The
place occupied by nuclear transformations, in particular electromagnetic transitions in nuclei, in the
time scales of processes occurring in nature is examined. Theoretical relations needed for calculating
the partial probabilities of electromagnetic transitions are cited, and the basic theoretical formulas for
the probabilities of transitions in the various nuclear models are discused. The principles underlying
direct and indirect experimental techniques for measuring the lifetimes of levels are expounded. New
aspects and perspectives in research are considered. Experimental data on the lifetimes of levels ac-
cumulated up to the beginning of 1970 are reviewed. These data are displayed in tabular form.

The book is written for specialists in nuclear physics.

A. P. Komar, S. P. Kruglov, and I. V. Lopatin, Measurement

of Total Energy of Bremsstrahlung Beams from

Electron AcceleratorsT

This monograph is the first in Soviet literature to present a systematic exposition of methods for
measuring the total energy of beams of bremsstrahlung emitted by electron accelerators. The comparative
characteristics of these methods are presented, and ways of developing and improving those methods still
further are discussed. Considerable space is devoted to quantometers as the most promising instruments
for absolute measurements of bremsstrahlung beam energy.

An appendix contains the latest tables of attenuation factors for y-radiation in the energy range from
10 keV to 100 GeV, as well as energy losses and electron path lengths in various materials at energies
ranging from 10 keV to 1 GeV.

The book is written for a broad readership of research scientists, engineers, and technicians
concerned with bremsstrahlung and electrons, and also for graudate physics students.

Yu. V. Naumov and D. E. Kraft, Isobaric Spin in

Nuclear Physicsi

This text offers a presentation of modern concepts on the role played by isobaric spin in nuclear
physics. Selection rules on isospin for beta-decay, y-radiation, and nuclear reactions are discussed.
Topics pertaining to isospin impurities in heavy nuclides are covered. Data on excitation of analog states
in various nuclear reactions are presented in detail. Special attention is focused on the possibility of
securing information on the nuclear structure from experiments designed to study analog states,

The book is written for experimental physicists, instructors in techmcal colleges and graduate
physics majors.

*Nauka, Leningrad (1972).
tNauka, Leningrad (1972).
INauka Leningrad (1972).

Translated from Atomnaya Energiya, Vol. 34, No. 2, pp. 109-110, February, 1973.

© 1973 Consuliants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Nuclear Geophysics Techniques for Sampling and

Assaying, and Processing Minerals*

This book is devoted to one of the new areas of application of nuclear geophysics techniques: sampl-
ing and assaying in the mining and ore processing industry. These methods of sampling make it possible
to assess the quality of minerals and ores rapidly, at lower costs, and without taking physical samples
from the product stream.

The text discusses problems in mining nuclear geophysics, currently familiar experience in applica-
tions of nuclear techiques in mines, results of recent work on copper —nickel, apatite, and rare-metal
occurrences. Possibilities, opportunities, and the effectiveness of geophysical sampling and assaying
under the concrete conditions prevailing in mines and occurrences of distinct types are discussed and
evaluated on the basis of those examples. Results of laboratory research on the development of nuclear
physics techniques for assaying and sampling minerals and ores are discussed.

The book is written for workers in the mining and ore processing industry involved in assaying and
sampling of economic minerals at the point where the minerals are extracted and processes. The text can
also prove useful to geophysicists, geologists, and other specialists utilizing nuclear physics methods in
ultimate analysis of minerals and ores.

R. E. Krzhizhanovskii and Z. Yu. Shtern, Heat-Transfer

of Nonmetallic MaterialsT

This reference handbook lists data on the physical properties of oxides and carbides over a broad
range of temperatures and variation in other parameters. Attention is centered on the heat-transfer
properties and thermodynamic properties of these materials. Available factual material serves as a basis
for reflecting the effect exerted on those properties by factors such as temperature, heat-treatment
history, amount of impurities present, density of material, and the surroundings.

The handbook is designed for a broad range of users including specialists engaged in research design,
and operation of power equipment and other equipment based on thermodynamic principles, and can also be
useful to students at college level.

V. N. Andrianov, Fundamentals of Radiative Heat Transfer

and Complex Heat - Transferi

The book provides a systematic exposition of the theory behind radiative heat transfer and complex
heat transfer, as well as methods for experimental research on those processes. Theoretical methods for
calculations and investigations of radiative and complex heat transfer are also covered. New methods are
proposed. An analysis of the similarity of those processes is accompanied by a discussion of experimental
research techniques.

The book is written for research scientists, engineers, college instructors, graduate students, and
- undergraduate majors in heat power, heat transfer, and power plant specialties. ‘

A. D. Smirnov, Refrence Handbook for the

Power Industry**

The handbook reflects new rules for the operation of electric power plants and networks, electrical
power plants in industrial enterprises, rules for technological design of fossil-fueled electric power
generating stations and networks, and standards for basic electrical equipment.

The handbook is written for a broad range of specialists servicing electrical power plants in industrial
enterprises.

*Nauka, Leningrad (1972).
tEnergiya, Leningrad (1972).
iEnergiya, Moscow (1972).

**Second edition, Energiya, Moscow (1972).
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M. L. Fel'dman and A. K. Chernovets, The Electrical '

Part of Nuclear Electric Power Stations*

The book p}esents features of the design, construction, and operation of the electrical part of nuclear
electric power stations with different types of nuclear power reactors. Special attention is reserved for
discussion of reliable operation of electrical power equipment and of the power station as a whole.

This book is the first systematized description of the electrical part of high~output nuclear power
stations, and is intended for engineers and technicians involved in the operation, construction, and design
of power station equipment, as well as for instructors, and students at graduate and undergraduate levels.

Ya. Vilenkin and E. A, Trakhtengerts, Mathematical

Software for Process Control Equipmenﬁ

The book outlines the current techniques available for organizing mathematical software for process
control computers. Multiprogramming techniques, dynamic memory distribution, buildup of large files of
data, and information processing topics, are discussed. The discussion extends to methods for designing
translators from programming languages, and mathematical techniques of program optimization.

The book is written for computer technology specialists.

* Energiya, Leningrad (1972).
tEnergiya, Moscow (1972).
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ABSTRACTS

OPTIMIZATION OF HEAT REMOVAL IN A NUCLEAR- 4
REACTOR CHANNEL AS A PROBLEM IN GAME THEORY

V. 8. Ermakov and G. I. Zaluzhnyi .- ) UDC 536.242:621.039.577

. The article gives a description of an analytical investigation on the optimization of heat removal in
a nuclear-reactor channel using the methods of game theory. In particular, we consider a cooperative .
bi-matrix game with arbitrary nonzero sum, in which we assume agreement in the compatible selection of
parameters in the optimizable variants of heat removal in a reactor channel. The constructed working
matrix is of the form

aybyt, ‘apbra, ..., Gimbim
K (A, By=| asbos, assbsz ..., aambym |+ 1)
@nibny ansbnay ..oy Cnmbom

where a;; and b ij are matrix elements that depend linearly on the distributions Aj and nj, which characterize
the volume occupied maximally and minimally by the thermally stressed packets of fuel elements in the
reactor core, respectively. It is shown that the optimal solutions are complex strategies in the form of

the vectors x = {x1, Xoseeo ,xm} and y = {yl, Voseoo ,yn} , which have positive components, and for which
the following equality holds: :

Tyt Tt .ot Tm=y1t vt .. Fyp=1.

The optimal strategies x() and y(o), determining the conditions of equilibrium and the value of the
game S are as follows:

z0 = K*J/K*J T (2)
y O =K=JT/ ey Ty, - v @)

S=A(K)/K*JTT, » “)

where K* is a reciprocal matrix consisting of cofactors of the elements of the matrix K; A K) is the de~
terminant of matrix K; J is a unit row-vector; and JTisa transposed unit row-vector.

<76 The relation between the distributions A; and #j and the
y_ calculated values of the heat removal in the optimizable vari-
d oo ants are taken according to the functionals (5) and (6) for the
(_43') 7 A maximal and minimal thermally stressed channels, respec-
’ tively. The physical possibility of the selected functional
relations was verified numerically in (1l
1 ! L' Tp
“¥ 007 19 =2nRpah;Q Y S[t(z, 1) —0 (s, vV]dzdr; (5)
0 To
. L' Tp
N4 1P —2aRanP g S (24, ©—B (2, 7)] dz d, . (6)
Fig, 1. Admissible region of variation 0 % '

of optimal strategies in the game,

Translated from Atomnaya Energiya, Vol. 34, No. 2, p. 111, February, 1973. Original article
submitted October 27, 1971,

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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where t(z, T) is the average temperature of the material medium of the packets; 0 (z, T) is the average
temperature of the material medium of the coolant; and T is the time. The total quantities of heat removed
from the total volume of the zone G and from the annular subzone g; are as follows:

L=+r;, | (M)
=2+, | @)

where N is the number of annular subzones into which the core is divided.

The corresponding functions of transformation from the physical parameters of the core to the dis-
tribution parameters are as follows: "

a) Qi=hiQ; b) Py=nP; ¢) Gi=gG,

where G, Q, and P are the volumes of the core, the maximal, and minimal thermally stressed packets.
As an example we consider the simplest numerical case, which by randomization can be reduced to a

(2 X 2)=-matrix game. It is shown to be possible to reduce the problem to this simplest form in Fig. 1, in
which we represent the admissible set S inside of which all the strategies of the game occur. The set ob-
tained is convex, formed by the four coordinates aij and bij’ and the two symmetric coordinates [2].
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FORMULATION OF BOUNDARY CONDITIONS
IN THE METHOD OF SUBGROUPS

M. N. Nikolaev and D. A. Usikov UDC 621.039.51

The conditions discussed in an earlier paper by M. N. Nikolaev et al. relevant to the "joining" condi~
tions of subgroup fluxes of neutrons on the interfaces between media [1] are not applicable to calculations
of celis in heterogeneous lattices. This paper contains derivations of more general boundary conditions.
The subgroup equations are derived in sequence from the kinetic equation in integral form.

The first stage involves averaging the equation about each lethargy u with respect to a smoothing
interval Au containing many resonances, and subsequent conversion from Riemann integration with respect
to the energy to Lebesgue integration with respect to the total cross section., This results in the Z-repre-
sentation of the kinetic equation for the smoothed flux. The distribution function of the cross sections in
the averaging interval is then approximated by the finite sums of the weighted delta-functions (6-represen-
tation). The averaging of the resulting equations over the group intervals leads to a system of subgroup
equations for .each energy group. '

It is clear from the derivation that the central focus in the problem of subgroup boundary conditions
is the treatment of correlations in the structure of the cross sections of those media the collisionless
flight length between which is not neglibibly short (e.g., contiguous media). Inthe case of a cell in a
heterogeneous lattice, the correlations between the structure of cross sections of all media comprising the
homogeneous zones of the lattice cell have to be taken into account as a rule.

Translated from Atomnaya Energiya, Vol. 34, No. 2, p. 112, February, 1973. Original article
submitted November 22, 1971, ' .
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‘Two methods have been proposed for the solution of this problem. In the first method (the method of
"continuous" or "all-the-way" subgroups), the method of decomposition into subgroups is selected in a
manner uniform for all the zones, so that the neutrons belonging to each subgroup have definite cross sec-
tions of interaction in each zone. The boundary conditions then assume their customary form and can be
used in the solution of the kinetic equation whether in integral form or in integrodifferential form. The
disadvantage of this method is that the number of such "all-the-way" subgroups within each group is equal
to the product of the number of subgroups for all of the isotopes present in the system in question, that is to
say, it can become quite large.

The second method calls for treatment of the subgroup structure of the cross sections individualized
for each specific nuclide, and that entails solving a system of integral equations for the subgroup of densities
of collisions with each of the isotopes exhibiting a resonant structure of cross sections within that group.
Consequently, the total number of subgroups to be considered in this method is equal to the sum of the num=-
ber of subgroups for the isotopes. This means that, for methods realizing the solution of the integral equa-
tion (Monte Carlo method, method of collision probabilities), the individual treatment of the subgroup
structure of cross sections of the nuclides is to be preferred.

-LITERATURE CITED
1. M. N. Nikolaev et al., At. Energ, 29, 11 (1970), 30, 426 (1971).

EFFECT OF THE STATE OF THE ZIRCONIUM
SURFACE ON THE STRUCTURE AND PROTECTIVE
PROPERTIES OF OXIDE FILMS FORMING IN A
CQRROSI‘VE ENVIRONMENT

1. I. Korobkov ' UDC 620.197.5

The effect of the state of a zirconium surface with different degrees of structural and chemical non-
uniformity brought about in the process of preparing the specimens (grain size comminution, contamination
by oxygen, nitrogen, chlorine, or fluorine) on the phase composition and on the protective properties of
oxide films forming when the specimen is heated in oxygen, water, and steam over a range of temperatures
from 250° to 500°C was investigated.

The effect of zirconium grain size on the structure of the oxide films was investigated, using the
example of oxidation of thin films (to 1000A) of the metal obtained by the method of evaporation and vacuum
condensation (10-7 mm Hg). When the temperature of the substrate changes, a film with a different grain
size results. The UEMV=-100K electron microscope and the EG=100A electron diffraction camera were
employed to measure the size of the original grain and the dimensions of the oxide crystals forming.
Oxidation of zirconium films with grain size =50 A in oxygen at temperature 250-270°C at first brings about
‘an "amorphous" structure of oxide with crystalline grain size <10A. The oxide crystals are observed to
grow with increasing time or temperature of oxidation, and a change ensues in the phase compos1t10n of the
film. Only cubic ZrO, structure is observed in the film at crystalline grain sizes from 40 Ato 150 A, but
tetragonal structures are detected at grain sizes 150~ 200A a mixture of tetragonal and monoclinic forms
of ZrQO, at grain sizes from 200 A to 350 A and only monoclinic ZrO, at grain sizes 350A or larger. The
sequence of transformations is related to the size of the ZrO, crystal grains in the film, which is the
principal factor determining the stability of high-temperature modifications in the low~-temperature range

[1].

‘Translated from Atomnaya Energiya, Vol. 34, No. 2, pp. 112-113, February, 1973. Original
article submitted December 3, 1971.
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When recrystallized zirconium foil <1000 ji in thickness, with an average grain size of the order of
1 u,is oxidized, an oxide film consisting of a mixture of monoclinic and cubic (tetragonal) modifications of
ZrO, forms on the surface of the foil; this oxide film eventually goes over slowly to the monoclinic form at
300°C. When a coarse-crystalline foil is oxidized, oriented growth of ZrO, single crystals of monoclinic
structure is conspicuous. The orientation of the single crystals depends on the plane in the metal on which
they nucleated. '

After specimens of coarse-crystalline zirconium were treated in nitrogen (at 800°C), chlorine (600°C),
or fluorine (300°C), fine ZrO, crystal grains, predominantly of a cubic modification with total or partial
misorientation, form in response to oxidation, This same effect of reduction in the dimensions of crystal
grains combined with misorientation of the crystal grains is observed in an oxide film in the case where
oxygen is previously dissolved in the zirconium (over 5 at,%). In those instances, we observe high rates
of oxidation of the specimen in the period prior to the transition alluded to above, and a pronounced depen-
dence of the oxidation rate on the oxygen pressure, which is indicative of permeability of the oxide films
to molecular oxgyen.

Apparently, the mechanism by which the oxygen, nitrogen, chlorine, and fluorine effect the process
of zirconium oxidation exhibits a general physicochemical nature: all of these elements, when present on
the surface of the specimen, have the effect of increasing the chemical inhomogeneity of the metal and
bringing about nonuniform oxidation of grains, so that coherent bonding between the ZrO, crystal grains
and the metallic zirconium is impaired and the grain size of the crystals ends up reduced. As the crystal
grains undergo reduction in size, they may also experience a change in structure from monoclinic to
tetragonal or cubic, accompanied by a corresponding reduction in the specific volume occupied by the ZrO,.
This transformation may well be the reason for the formation of pores sized 10A to 151°X, observed in oxide
films on zirconium [2]. When the number of pores-in the film is sufficiently great, molecular oxygen
becomes capable of penetrating through to the metallic zirconium substrate.
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TIME SELECTION IN ACTIVATION ANALYSIS

G. S. Vozzhenikov UDC 550.835

Activation of materials of complex chemical composition usually results in the formation of several
artificially radioactive products including some that hinder quantitative analysis of tracer isotopes. Con~
ditions favoring noise discrimination with the aid of time selection, which plays a role in nondestructive
activation analysis similar to that played in radiochemical deactivation, in combined research efforts, are
formulated in the text of the article.

If we assume that the disturbing influence exerted by any persistent or long-term noise at the instant
when irradiation is terminated is not greater than a specified fraction 6, of the activity of the tracer
isotope, then we end up with an expression including the time of activation t needed for noise discrimination:

Soil = (1—e= %) (1 —e~H)-1, ' 1)

where i is the ratio of the saturated activities of the D-noise and the tracer; ¢ is the ratio of their decay
constants; A is the decay constant of the tracer.

Translated from Atomnaya Energiya, Vol, 34, No. 2, pp. 113-114,February, 1973. Original
article submitted February 2, 1972.
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As the activation time is shortened, the fraction contributed by any D~-noise becomes smaller,
relative to6 the activity of the tracer till it attains a minimum value at an exposure time of zero. For that
reason we are confronted with a fundamental l1m1tat1on in the discrimination of such D-noise, which can
be written as the following inequality:

8> ik. (2)

In the case where (2) is observed, numerical solution of Eq. (1) can be used to find each of the m values
of the activation time (m being the number of D-noise events in the medium), the minimum of which
governs discrimination down to the specified level of what we term the "principal" D-n01se The fraction
contributed by each of the remaining D~noise events will be smaller than §,. ‘ ’

Discrimination of short-lived noise is achieved by calculating the cooling time, i.e., the pause t
between the instant when irradiation is terminated and when the induced activity begins to be recorded.
Assuming that the disturbing influence of the K-noise does not exceed the spemﬁed fraction 6 of the tracer
activity during the cooling time, we get

tpAM=ln L, 3)

where j is the ra.tlo of the induced activities of the K~noise and of the tracer at the moment the spec1men
is removed from activation: AXK = \K— (where 2K is the decay constant of the K-noise).

Equation (3) can be used to determine, with ease, each of the n values of the cooling time (n is the
number of K-noise events occurring in the medium), the maximum of which governs the decrease in the
"principal” K-noise component down to a specified level. The fraction of each of the remaining K-noise
components relative to the tracer activity will be less that 5.

When K=noise and D-noise are: present simultaneously, it is more difficult to detect tracer present.
In that case, we have to resort to the limiting value t, of the cooling time, at which the ratio of the
activities of the principal D-noise and of the tracer attains the maximum permissible level 8,,,,. This
state of affairs places restrictions on time selection options, since we must have t, <ty a5, or

80/8 rax > (118)% : ' @)

where 7 = A=2)/ (Ak— A)[sic].. Constraint (4) takes into account the ratio of activities of the decay constants,
and the required accuracy of the measurements, so that it becomes possible to assess the feasibility of
utilizing time selection in the detection of induced tracer activity when K-noise and D-noise are both present
at the same time.

CHARACTERISTICS OF POINT ACTIVATION
MEASUREMENTS MADE IN BOREHOLES
WITH A CONTROLLED‘ NEUTRON SOURCE

V. V. Strel'chenko and K. I. Yakubson UDC 543.53

On the basis of calculated and experimental data, the authors analyze the relationship between the
values of activation effects for pulsed and traditional versions of point activation measurements in bore~
holes as functions of the activation characteristics, the resulting radioactive isotopes, and the regimes of
operation of a controlled neutron source. :

Translated from Atomnaya Energiya, V01;734, No. 2, p. 114, February, 1973. Original
article submitted March 21, 1972,
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They cite specific situations (types of nuclear reactions and half-life periods of radioactive isotopes,
dimensions of the probe, time required for analysis, ete.); preference was given to the pulse version of
the analysis.

SPECTRAL-ANGULAR DISTRIBU‘TION. OF FAST
NEUTRONS EMERGING FROM DIFFERENT SECTIONS
OF THE SURFACE OF AN IRON REFLECTOR

D. B. Pozdneev and M. A. Faddeev . UDC 539.125.162,5:539.12,172

The Monte Carlo method is used for calculating the differential energy spectra of neutrons emerging
from different sections of the surface of iron reflectors with thicknesses of 2, 4, 6, 10, 20, and 40 em and
the integral neutron characteristics of a 3-MeV isotropic source which is in contact with the material under
investigation. The analysis is performed for different reflector sections with the radii r equal to 2, 4, 6,
10, 20, and 40 cm relative to the centrally located source for six ranges of the polar angle 8 (0-15, 15-30,
30-45, 45-60, 60-75, 75-90°) and in two azimuthal directions. The contributions of the singly and multiply
scattered neutrons to the total albedo were taken into account. '

As an example, Fig. 1 shows the differential energy spectra of reflected fast neutrons emerging from
different sections of the surface of an iron reflector with a thickness of 40 cm in the range 6 = 0—15°,

The results obtained are explainedby taking into account the elastic and theinelastic scattering of fast
neutrons and the excitation of individual nuclear levels, :

Empirical equations suitable for engineering calculations are given.

oS
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g —1 _,P_l 4 Fig. 1. Differential energy spectra of reflected fast
o x [ .
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Translated from Atomnaya I:Jnerg'iya, Vol, 34, No, 2, p. 114, February, 1973. Original article
submitted July 17, 1972.
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LETTERS TO THE EDITOR

THE FREE ENERGY OF FORMATION OF
URANYL IONS AT HIGH TEMPERATURES

R. P. Rafal'skii UDC 541.11:541.135:546.791

In [1, 2] we published the results of the experimental determination of equilibrium concentrations of
uranium in a solution in the presence of elementary sulfur at high temperatures. Processing of these data
[3] made it possible to calculate the equilibrium constant of the reaction

300,804 (aq) -8 (1)4+-4H,0 (1)
=300, (s) +4H* (aq) +4HSO; (2q), 1)

and then the equilibrium constant of the reaction

2003+ (aq) +2H,0 (1) »
==2U0, (s) +4H+ (aq) +0, (1), (2)

which is important in estimating the role of different complexes of hexavalent uranium in processes in-
volving the transfer and deposition of this metal by natural hydrothermal solutions.

The present communiéation gives corrected values of the equilibrium constant of reaction (2), as
well as values of the free energy of uranyl-ion formation in the solution at high temeratures, calculated on
the basis of this constant. : '

The method of determination of the equilibrium constants of reactions (1) and (2) has been described
in [3]. Here, however, we do not give the results of the calculation of the constant at 100°C, since we
were not certain that we had achieved equilibrium in the corresponding experiments {2]. To clear up this
question, we used the results of experiments on the reduction of hexavalent uranium in uranyl sulfate solu-
tions by hydrogen sulfide [4]. As in the experiments involving UO,SO, + S + H,0, we calculated the equi-
librium activities of the main components in the solution (H*, HSO,, H,S, H,S0;): and the concentrations in
‘the gaseous phase (H,S; SO,). The calculation method was the same as had been described earlier {3, 5].
In the calculation we made use of the balance equation
4 0 71%—]23
aUq—Vé_m;)
+lon,s (ag) —'2aH2SQ'a(aCl) _BEHSOZ (aq)‘]q

+[Cst(g)—_2CSOz(g)] 1—q)=0,

where a?. is the activity of uranium in the original UO,SO, solution, which is taken to be equal to the initial
concentration (yyo, go, © 1) n%‘IgS is the molar quantity of H,S introduced into the ampule before the ex-
periment; Vg, is'the volume of the ampule; q = V(aq)/Vt'ot is a coefficient showing what fraction of the
ampule has been filled. ' )

From the results of our determination of the equilibrium activities (concentrations) of the components
in the experiments involving U0,SO, + H,S + H,O, conducted at three temperatures and for three values of
n%12s, we found the corresponding values of Kj. When the latter were calculated from data obtained for the
experiments with the smallest amount of HyS (VH2S = 5.6 cm®) they were found to be very close to the K;
values found from the results of experiments involving UO,SO; + S + H,0O (Fig. 1). This indicates that we
achieved equlibrium, or at least a near-equilibrium condition, in the experiments with sulfur at 100°C.

Translated from Atomnaya Energiya, Vol. 34, No. 2, pp. 115-116, February, 1973. Original
article submitted June 9, 1972,

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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Fig. 1. Values of log K, calculated from experimental data, The curve is drawn
through the average values of log K; calculated from the results of the experiments
involving UO,80, + 8§ + H,0; 1=4) from the results of experiments involving UO,SO,
+ S + H,0 conducted with original uranium concentrations of 2.5, 5, 10, and 20 g/liter,
respectively (25 at 360°C); 5) from the results of experiments involving UO,S0,

+ H,S + H,0 conducted with C% = 9,8 g/liter and Vii,g = 5.6 cm®).

Fig. 2. Values of AGf{Iong calculated on the basis of average experimental values
of K; (@) and calculated from the data of [8] (X).

We found completely different results when we formally calculated K; from the data of experiments
involving UO,804 + H,S + H,0 which were conducted for Vi,g values of 16 and 32 cm?®, 1In this case the
values of the equilibrium constant did not agree with each other at all, nor with the quantities shown in
Fig. 1. For éxample, the value of log K; calculated for 150°C from the results of experiments conducted
with VH,S = 5.6, 16, and 32 cm?® are, respectively, 2.1, -17.9, and-26.4. Obviously, at high H,S activity
values the reactions taking place in the system are different from those taking place at low values of aH,S
this is also shown by the experimentally determined increase in the equilibrium constant of uranium in a
solution with increased Vi,s [4]-

In calculating the equilibrium constant of reaction (2), we used the values of the constant of instability
of uranyl monosulfate, U0,80,, which was different from those used earlier. The later values were de-
termined from an equation describing the variation as a function of temperature (6]. We give below the
values of the equilibrium constant of reaction (2) which were calculated using the average experimental
values of K *:

4, °C. ... 100 150 200 250 300
log K§ . . . —42,8 —33,9 —26,9 —21,8 —19,0

Having determined the constant of equilibrium of reaction (2), we used the well-known relation
AGY= —RT In K,
to find the value of AG® for this reaction at different temperatures, after which we calculated the free

energy of formation of UO§+:

1 40
A6%oz+ (aq) =200z (5) ~A%H0 (1) ~ 7 AGreac @)

*The values of log K; for 250 and 350°C were obtained by graphical interpolation.
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The values ofAG(I’{ O ) at high'temperatures, needed for calculating the free energy of formation of the
2 | :
uranyl ion, were taken from a handbook [7]. In order to calculate AG%/.O (s)from the equation
. 2

T
AGT = Ay — TASys +- S ACHIT —T
’ 298 298

T
ACY
T

ar @)

we used thermodynamic data from the same handbook.

The resulting values of AG), 2+ ax;)e in good agreement with the values given in [8] (Fig. 2). However,
according to our data, the graph of? AGy2* as a function of 1/T°K in the 100-300°C temperature range is
nearly a straight line and may be described by the equation '

AGY o3+ = —189,72—13,618.403 T-1. (5)

The differences between the values of AG0U02+ found from Eq. (5) and from Eq. (3) do not exceed 0.5
kcal/mole, which is evidently withinthe limité of experimental error.
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EXPERIMENTAL DATA ON THE THERMAL NEUTRON
SPECTRUM IN WATER-MODERATED REACTORS

S. S. Lomakin and G. G. Panfilov UDC 621.039.512.4

Calculation of the ehergy distribution of thermal neutrons shows that a complete description of the
thermalization process requires taking account of the chemical binding and the crystal structure of the
moderator.

A commonly used quantity for comparing calculation and experiment is the spectral index If/vz

r ( Cf,) /( cr )
W NCyyp l=l \Cypylo’

where the quantities in parentheses are the ratios of the saturated activities of the detectors. The activation
cross section of one of the detectors has a resonance in the thermal neutron region and the cross section of
the other is proportional to 1/v. The detectors are irradiated at a point where the neutron spectrum is
unknown and at a point where it is known. The experimentally determined spectral parameter 11 y is also
used to reconstruct the thermal neutron spectrum by a method based on the Westcott formalism [1] and

the representation of the neutron energy distribution function by polynomials [2].

We have measured the neutron energy distribution parameters by using activation detectors in certain
types of water-moderated reactors. We measured the spectral indices and the cadmlum ratios with Lu!™,
Mn%, cu®® detectors.

L

Since Lu!™ has a strong resonance at 0.142 eV the value of I /L,l, is very sensitive to a change in the
thermal neutron spectrum. Depending on the experimental conditions manganese or copper was used as a
1/v detector.

Table 1 shows the results of our measurements of the spectral indices and cadmium ratios in the VVR
and MR reactors [3] and the VVER [4]. In the latter case the detectors were irradiated in a reactor of the
second unit of the Novo~-Voronezh Atomic Power Plant in instrument channels passing through fuel assem~

blies with various U®® enrichments. The measurements of the parameters mentioned were made in the
moderator.

TABLE 1. Spectral Indices and Cadmium Ratios in Water- TABLE 2. Neutron Temperature in Water—

Moderated Reactors Moderated Reactors
L ] =)
) - o . 18 . 235 son_| T, T .
] Ex| 2 B EE 5 K g L /o Reactor enrich A | Tno K* 1 4
S SEl 8 |BEgls EY A men % | e 1
of § ° oo 2 o == 30 -
g D El A 3 EEs3E VVR 10 0,137 | 40042 | 2,02
MR 90 0,178 71 | 39012 | 2,04
2 0,159 | 39612 | 1,92
VVR 10 |Lutecium 40 1,00 |1,3102:0,026] 9,1-0,3 VVER { 1,5 0,126 3751:11 1,85
Manganese| 40 RFR 10 0,138 .| 3% 2,11
MR 90  Lutecium %g 0,55 |1,035+0,025| 9,7+0,3 MELUSINE 20 0,130 375 1,92
Copper
2 |iotecium 20 0,55 |1,008+0,025|5,33+0,16 [
VVER Copper 45 * Corrected experimental values.
1,5 éutecium 2(5) 0,55 11,000+0,025| 6,50+0,20 T The value of £a(kTyy)/Zs for the fuel element as-
oppet sembly of the MR reactor was calculated by neglect-

ing the effect of beryllium on the neutron spectrum
inside the assembly.

Translated from Atomnaya Energiya, Vol. 34, No. 2, pp. 117-118, February, 1973. Original article
submitted May 20, 1971; revision submitted September 22, 1972.
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The quantity (C Lu /Ci/y) for detectors irradiated in the VVR reactor was measured in the graphite

prism of the F-1 reactor [5], and at the core center in the MR and VVER reactors.

If the Westcott model of the neutron speetrum [1] is used the effective neutron temperature can be
determined from the above data. For detectors of finite thickness the Westcott ratios have the form

(CL“) L T G (Ta) ST (T 6L
Ci/‘u x gi/”(Tn)G%,/lv—{—rSUv( )G;I/:I, )

gi/v( )Gl/v+rS1/v(T )GI/-D

epi

rs1/v (Tn)Geiﬁ-{* * VTn/To

1
R

3

where g(T, ) and S(T ) are functions of the neutron energy and are tabulated in [6] for the most important
detectors; Tn is the neutron temperature, Gy, and G, epi are the self-shielding factors for thermal and
epithermal neutrons, r is the Westcott parameter characterizing the fraction of epithermal neutrons, k is
a factor taking account of the thickness of the cadmium shield and the isotropic nature of the neutron flux
[1]. The values of r and T, can be obtained by solvmg this system of equations; the constant B is de-
termined from calibration rneasurements of (C u/C‘/V

The Westcott formalism should be used for weakly absorbing media when the thermal neutron spec-
trum can be adequately approximated by a Maxwellian distribution. According to Westcott [6] the ratio of
the absorption cross section to the slowing down power Z,/¢ Zé should not exceed 0.1, although he assumed
that it could be larger. In [7, 8] a limit of 0.2 is established for Za/g Zs.

Table 2 shows our measured values of the effective neutron temperature for water-moderated reac~

~ tors, and data for the RFR and MELUSINE reactors obtained from [9, 10], based on the Westcott model.

Table 2 shows Z, (kTm)/ Zg calculated for a homogenized cell of the specific reactor. The value of o4 Was
taken as 20 b per hydrogen atom and the disadvantage factor as 1.1. The experimental values of A were
used to calculate the neutron temperature in the moderator from the relation .

TnzT,,; [1+A kT’")_]

where Tm is the temperature of the moderator, °K.

Our experimental values of A for cells with various U®® enrichments and various uranium-to-water
volume ratios are in good agreement with one another and with the results of other experimenters for the
RFR and MELUSINE reactors.

The above results for water reactors and earlier data on graphite-moderated reactors [11] show that
a first approximation to the neutron temperature in the moderator can be determined from the Coveyou
formula or similar formulas of other authors [12-15] by using a value of Aqgp appropriate to the kind of
moderator, i.e.,

%4 (kT
Tp— [1+Aeff “(s’" ]-

For water reactors Ager = 1.98 + 0,08 (the average of the A values given in Table 2).
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EVALUATION OF NEUTRON SENSITIVITY FOR A
PERSONNEL DOSIMETER USING TYPE-K
NUCLEAR EMULSION

M. G. Gelev, M. M. Komochkov,
I. T. Mishev, and M, I. Salatskaya ' [0)0]; 539.12.08:6%1.386.82

During the past ten years at JINR, type-K nuclear.emulsion 20 ¢ thick deposited on triacetate film
and enclosed in a correcting holder [1, 2] has been used to measure the individual neutron doses received
by staff members when working near radiation sources. In [1, 2] this method was verified for the measure-
ment of the dose from fast neutrons (0.5 = E < 15MeV); it allows dose measurement in the range 0.02-15
rem. However, in order to determine the total personnel dose from neutrons when working outside the
‘thick shielding of reactors and accelerators, it is insufficient to know the fast neutron dose alone. As has
been shown {3, 4], the contribution from thermal neutrons (E < 0.4 eV) in such cases to the total dose may
amount to 10%, and to 60% or more for intermediate neutrons (0.4 eV < E < 0.5 MeV). Consequently, per-
sonnel monitoring dosimeters must record with sufficient accuracy the dose not only from fast neutrons
but also the dose from thermal and intermediate neutrons. This paper presents a calculated estimate of
the sensitivity of a personnel neutron dosimeter using type-K emulsion to thermal and intermediate neutrons
and an experimental verification of the sensitivity of such a dosimeter to thermal neutrons.

In-the composition of the type-K emulsion used in personnel neutron dosimetry, nitrogen [5] appears
along with other elements. Through the action of thermal neutrons, the reaction N"%m, p)c' takes place in
the emulsion with the emission of protons having an energy in the neighborhood of 6 MeV. The range of
these protons in the emulsion is approximately 64, The number of protons, N(E), created per cm? of
emulsion during its irradiation by neutrons with an energy E can be determined from

N(E)=0 (E) G (E) 4,

“I)s L e e S B N N B S B L R
©wE ]
£ 0 — 80 ]
o, < 4
=2 -
4L - B
N gst .
= —
20} t 1
= 5 o A
“ R/ 2 '_ ‘__5 I-J '_4 I-J ‘_2 '_1 '0 : 0 Cooo (o o b g by s b by by a oy v L
10—5 7 7 10 10 10 170 10 10 170 E-n,MeV w7 we ot Y /ad ad e oo 4 Eﬂ MeV
Fig. 1 Fig. 2

Fig. 1. Dependence of calculated sensitivity of personnel dosimeter using type-K nuclear emulsion
on neutron energy: 1) irradiation without phantom; 2) irradiation with phantom.

Fig. 2. Dependence of thermal neutron flux &4 scattered "backward" from a phantdm for incidence
of unit flux with energy E (data from [7]): O) experiment; A) calculation.

Physics Institute, Bulgarian Academy of Sciences, Sofia, Bulgaria. Translated from Atomnaya
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Fig. 3. Dependence of emulsion track number on time between irradiation and processing (for

constant absorbed dose): 1) number of tracks =6u; 2) number of tracks >6p; 3) total number of-
tracks in emulsion.

Fig. 4. Dependence of emulsion track number on time between irradiation and processing (for
constant absorbed dose): 1) number of tracks in films stored in refrigerator at 6°C; 2) number
of tracks in films stored at room temperature. '

TABLE 1. NeutronSensitivity of Personnel
Dosimeter Containing Type-K Emulsion Lo-
cated on the Body

where ®(E) is the fluence of neutrons with energy E,
n-cm?; o(E) is the cross section for the reaction N“
(n, p)C!, em?; A is the number of nitrogen atoms per

Sensitivity x 1074 em? of emulsion. For a type-K emulsion 20 + 3pu thick,
Neutron energy range tracks cm=2- rem-1 the value of A is (7 = 1) X 10" cm™2
Thermal neutrons (E < 0.4 eV) 1,6 We assume that the detection efficiency for protons
0.4 eV-0. 5 MeV (1/E spectrum) | 8-%‘25 is 100% and that there is no fading in the emulsion; then

0’5'0‘;5 MeV (Po=Be source) the number of protons emitted from a nitrogen nucleus

is equal to the number of recorded tracks formed by
those protons. In Fig. 1, curvel shows the dependence

of sensitivity on neutron energy as calculated under the
above assumptlons. Here and in the following, the sensitivity is expressed by the number of tracks

per cm? of emulsion per rem of neutrons; the value of the quality factor (QF) for neutrons is taken from
[6]. For neutrons with an energy of 0.025 eV, the cross section is taken to be 1.76 X 1072 ¢cm? and the
variation of cross section with increase in neutron energy is assumed to be inversely proportional to ve-
locity. As is clear from Fig. 1 (curve 1), a film with type-K emulsion cannot be used as a dosimeter for
intermediate neutrons because of the steep drop in its sensitivity with increasing neutron energy. However,
the use of such a film in a dosimeter which is worn on the body is possible for a broader range of neutron
energies. As has been shown [7], the flux of thermal neutrons scattered from a phantom during its irradia-
tion by intermediate neutrons depends weakly on energy up to 7 keV and is approximately 0.8 neutrons per
incident neutron (Fig. 2).. From data in [8], this quantity is about 0.5 neutrons per incident. The flux of
thermal neutrons scattered from the phantom decreases markedly as the neutron energy increases. On the
basis of data in [7], the energy dependence of the sensitivity of type-K emulsion (20 p) to thermal and
intermediate neutrons was calculated with the inclusion of emulsion registration of thermal neutrons scat-
tered "backwards" from the phantom. The results are shown in Fig. 1 (curve 2). The portion of curve 2
for neutron energies above 0.3 MeV gives the dependence of the sensitivity to fast neutrons for an emulsion,
in a correcting holder.[1]. As is clear from this data, emulsion in a correcting holder can be used as a
personnel neutron dosimeter for neutrons with energies from thermal to7 keV and from 0.5 to 15 MeV.
the neutron energy region 7-800 keV, the sensitivity of such a dosimeter varies markedly; therefore it
cannot be used as a neutron dosimeter in that energy region.

-

In

To verify experimentally the sensitivity of personnel dosimeters using type-K emulsion (20p) deposited
on triacetate film to thermal neutrons, dosimeters were irradiated in the thermal column of an IRT~2000
reactor (Physical Institute, Bulgarian Academy of Sciences, Sofia). The cadmium ratio in the neutron beam
was greater than 1000. The thermal neutron flux was measured with indium detectors and the error of the
determination was +20%.° Under such conditions, it was found that the sensitivity of the dosimeter to

thermal neutrons without a phantom was (0.84 = 0.19) X 10% tracks:-ecm™2 -rem™. As was already pointed
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TABLE 2. Dose Contributions from Various Neutron Groups at JINR Installations and
Corresponding Dosimeter Sensitivities

Dose contribution,% Dosimeter . .
: | Intermediate . . | Correction
Installation Thermal i Fast neutrons, sensitivity, factor

neutrons neutrons, 0.5 <E <15 Mey | tracks emZ,

E < 0.4eV 0.4 <E < 0.5 MeV | ™ - rem-!
Synchrocyclotron 5 55 40 0,56-104 1,69
Proton synchrotoron 5 15 80 0,84.104 1,1
IBR 10 55 35 0,59.10% 1,56
Cyclotron 3 37 . 60 0,67.104 1,37

out (see Fig. 1, curve 1), the calculated sensitivity is (1.23 + 0.18) X 10* tracks-cm™ -rem™!, Actually,
according to estimates, approximately 10% of the tracks contributing to the caleulated values will not be
counted in a microscopic examination because of short track length (less than 3u) for protons escaping
from the emulsion and because of large angles between the track and emulsion surface (more than 77°).
Thus the calculated and experimental values of the sensitivity agree within the limits of error.

The sensitivity to thermal neutrons of a personnel dosimeter located on the body was determined from
data in [7] by multiplying its sensitivity without a phantom by 1.86. The results are given in Table 1.

To estimate the sensitivity of a dosimeter to intermediate neutrons outside the thick concrete shield
of a reactor or accelerator, one can assume the neutron spectrum is inversely proportional to energy
(particularly at a reactor). The dosimeter sensitivity obtained under this assumption, including back-scat-
ter of thermal neutrons from a phantom, and the experimentally determined sensitivity to thermal neutrons
without a phantom are shown in Table 1. Also shown is the dosimeter sensitivity to fast neutrons according
to [1].

The dosimeter sensitivity for fast neutrons is used in the method presently employed at JINR for
measuring personnel neutron dose. However, this is not correct because there are thermal and inter-
mediate neutrons in controlled areas. The relative dose contributions from neutrons of various energies in
working areas outside the shielding of nuclear physics installations at JINR are shown in Table 2 [9]. The
same table gives the neutron sensitivity of the personnel dosimeter calculated in accordance with this data
and the correction factors K by which one should multiply the dose recorded in accordance with the method
of {1] in order to obtain the total personnel dose from neutrons with energies from thermal to 15 MeV.

Thus the neutron dose recorded with a personnel dosimeter containing nuclear emulsion is under-
estimated by 10-65% for work in areas outside a shield; the degree of underestimation depends on the
radiation source and the shield. Furthermore, the contribution of particles with energy above 20 MeV to
the total dose outside a shield should not be greater than 5% [10]. A greater contribution to the dose by
particles of high energy can lead to an overestimate of the recorded personnel dose.

Because the tracks of protons from nitrogen are short, it is of interest to study the dependence of
track fading in the emulsion on the time between irradiation and emulsion processing. The results of the
experiments are showninFigs. 3 and 4. The figures indicate that fading can be neglected over a period of
100 days after irradiation since its magnitude remains with the limits of error, which is approximately 20%.
In addition, reduction in the number of tracks in the film was not observed when the films were stored in a
refrigerator or under room conditions similar to the working conditions under which staff members wear
or store personnel dosimeters.

Thus, the measured value of the personnel dose for fast neutrons measured by means of the method
employed at JINR is overestimated by 10-80% because of the thermal neutron sensitivity of type-K nuclear
emulsion. However, if a correction factor of 1.5 is introduced, one can assume that a personnel dosimeter
records the total dose from neutrons with energies from thermal to 15 MeV under the working conditions of
staff members at the IBR and cyclotron. For staff memebers working at the synchrocyclotron and the
proton synchrotron, the introduction of such a factor is permissible only in those cases where the contribu-
tion of ultrafast nucleons to the dose does not exceed 5%.

The authors are grateful to L B. Smirnova and G. P. Korableva for scanning the films under a
microscope and to S. Pshone and V. E. Aleinikov for help with the film irradiations.
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EVALUATION OF SILICON SEMICONDUCTOR DETECTOR
EFFICIENCY FOR 0.661 AND 1.25 MeV GAMMA RAYS

M. L. Gol'din, K. R. Pater-Razumovskii, _
and F. V. Virnik _ : UDC 539.1.074

One of the important problems in the field of radioisotopic instrument manufacture is the calculation
of a gamma emitter from the known counting efficiency ¢ of a detector. There is interest in obtaining a
formula for the calculation of the quantity ¢ for silicon semiconductor detectors (SSD), which are finding
ever increasing application in technology.

A silicon p=~i—=n detector can be considered as a layer of semiconductor of thickness W (depth of the
compensated region) which does not depend on the bias voltage Uy, The detectlon efficiency of such a model
for a parallel flux of gamma rays can be determined from

E=1—exp(—pw), - _ (1)

where p is the linear attenuation coefficient. Interaction of the radiation with the "dead" layer is not taken
into account because the thickness of the latter is considerably less than W in most cases.

The Compton interaction predominates in silicon for gamma ray energies of 0.661 and 1.25 MeV [1]
(values widely used in radioisotopic instrument manufacture). One need consider only single interactions
(2] because the mean free path of gamma rays with the energies mentioned is greater than the quantity W of
detectors suitable for commercial application. The Compton electron spectrum will: be reproduced by the
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Fig. 1. Dependence of py}, on the ratio of primary gamma ray energy and detection threshold:
1) cs™¥7, E, =0.661 MeV; 2) Co®, E, =1.25 MeV; O) calculated values of .
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- Fig. 2. Dependence of countmg efficiency of silicon p—i—n detectors on detection threshold
and sensitive layer thickness for Cs®7; 1) Eyy, = 05 2) Eyyy = 200keV; 3) Eyp, = 300keV; —) the-
oretical lines; O) experimental points.

Translated from Atomnaya Energiya, Vol. 34, No. 2, pp. 121-122, -February, 1973. Original article
submitted March 24, 1972.

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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detector in the form of a pulse height spectrum. Therefore the number of recorded gamma rays, and con-
sequently the counting efficiency of the detector also, will depend on.the detection threshold Ei}» which is
usually determined by the noise level in the detector — preamplifier system. However, the detection of
gamma rays with energies Ey < E;}, is associated with certain difficulties becaise their energy value is
commensurate with the noise. Therefore Eq. (1) for the case under consideration should be rewritten as

E=1—exp[—(—rmW] : oL : 2)

where jy is a linear attenuation coefficient which takes into account the loss of energy by gamma rays with
Ey < Eth The energy of scattered quanta is given by the expression ) =

E = =E?_Eth I (3)
i+ (1—cos B¢
whence
o 1 ' :
cosOth=‘l—mv } : . “)
where
By By
et P VT By

E’Y is the energy of gamma rays incident on the detector,

From well-known formulas [3], one can calculate the quantity p}, and plot the relatlonshlp Uth = fm)
(Fig. 1). Using the method of "stretched strings” (4], empirical formulas were obtained for Cs®" and Co®?
respectively:

Hyp="0.24n"0.95; £ —1 —exp [(—0.186—0.24n0,%) W], (5)
o= 01417098, E =1 —exp [(—0.133—0.147-0.98) ). (6)

Standard sources were used for an experimental check of Eqs. (5) and (6). The system for detection
of gamma rays consisted of DKD~0 and DDR 12/ 2 detectors [5], a transistorized charge-sensitive preampli~
fier [6], a UIS-2 main amplifier, and an ADD-1 discriminator. Pulses from the integral output of the dis-
criminator were recorded with a pp-15 instrument. The system was calibrated by means of the Compton
edge of the electron spectrum. The experimental results are shown in Fig. 2.

If W= 5 mm, one can use linear approximations to Egs. (5) and (6) with an accuracy of 5% which are

for Cs137 and Co® respectively ’ '
£=(0.186 — 0.24n~9.95) I¥; v ™)
£= (0.133— 0.147-0.58) 17, - ®
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DETECTOR CHARACTERISTICS OF A SILICON
CARBIDE DETECTOR PREPARED BY THE
DIFFUSION OF BERYLLIUM

V. A, Tikhomirova, O, P, Fedoseeva, .
and G. F. Kholuyarov UDC 539.1.074

For some time past interest has been shown in nuclear particle detectors based on a single hexagonal
crystal of silicon carbide which can be used at temperatures of 600°C [1-3]. The radiation stability of these
detectors is essentially greater than that of silicon. The present work deals with their investigation,

The detectors are prepared by making a p—n transistor by a diffusion method at 1900-2000°C from
gaseous aluminum [1] or boron [2] and a single crystal of n-type silicon carbide with a specific resistance
of 1-2 ohm - cm. The size of the sensitive area in the detector is 1-3 p. It is difficult to obtain a larger
sensitive area with a comparable energy detection range in SiC due to the low diffusion coefficient
of this dopant in SiC. Detectors so made are characterized by an energy resolution in the range of 15-20%
and low efficiency of the sensitive area.

In the present work SiC detectors were made by diffusing beryllium which has a diffusion coefficient
in SiC of two to three times that of boron or aluminum [4], The depth of the p~n transistor region is 10-
20p; this was achieved by diffusing beryllium into n-SiC at a temperature of 1600-1700°C for 20-30 min,

The ohmic contact to the n side was a thermoresistant alloy of tungsten with nickel, imbedded
in vacuo at 1600°C, and the contacttoithe p side (detector window) was metallic chromium, diffused by
vacuum sputtering to a thickness of 400 to 500 A.

The energy resolution of the detector was studied using alpha particles from U’ 4.8 MeV) and fission
fragments obtained in a reactor by irradiation of U®% (90% enriched) under a 6 mg/cm2 cover.

10
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Channel number

Fig. 1. Energy spectrum of alpha particles, obtained
with a SiC detector, biased at 60V.

Translated from Atomnaya Energiya, Vol. 34, No. 2, pp. 122-124, February, 1973. Original article
submitted May 18, 1972.

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.
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- Fig. 2. Spectrum of U?5 figsion fragments, obtained with a SiC detector. '

Fig.. 3. Dependence of the effectlve charge conduction of SiC detectors on temperaj:ure (dependence
plotted at 60V blas)

InFigs. 1and 2 typical energy spectra for alpha particles and fission fragments are shown. The
energy resolution for alpha particles is 9%, and the effective detection of the alpha particles is 100%, which
is substantially greater than that obtained with the SlC detectors used.

Figure 2 shows that the pulses produced by flSSlOIl fragments are satisfactorily resolved from the
noise and uranium alpha particle pulses; this ensures the assignment of the pulses to the fission fragments.

Detectors based on silicon carbide will detect particles- to 600°C.[3]. The typical dependence of
effective charge collectionontemperature in SiC detectors with "berylliated" p—n junctions is shown in
Fig. 3. '

The effective charge conduction of the apparatus was determined by calibration of the alpha particle
source with a surface barrier detector of ~10% resolution and using the known average energy created
by an electron/hole pair in silicon and silicon carbide.

Comparative studies of the radiation stability of SiC detectors show that they are slightly dependent
on the nature of the acceptor and unknown details of how the detector was made.

For examination of the detectors it is possible to use a h1ghly thermalized neutron ﬂux in a fuel-
element reactor, Application of radiation with different threshold energy divisions allows estimation of the
neutron spectra.

The authors express appreciation to K. A. Konoplev, N. Ya. Semenov, and V. V. Bolshakor for
assistance in the reactor experiments.
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RADIATION STABILITY OF SCINTILLATING PLASTICS

E. D. Beregovenko, V. M. Gorbachev,
:and N. A, Uvarov . UDC 539.373.1

Changes in the light yield of scintillating plastics based on polystyrene (PS) in the case of irradiation
on static radiation sources were discussed in [1-4]. This work presents the results of an experimental
evaluation of changes in the light yield of PS under the influence of pulsed x-radiation.

- The radiation source was a pulsed MIG-5000 x~ray tube [5]. In the case of a pulse duration of 1/usec
and an average quantum ehergy ~0.7 MeV, the maximum dose in the pulse was 2-10* R. The dose was
measured with glass dosimeters. :

The relative losses of the light yield of the scintillator for various time intervals after irradiation,
Tmeass Was determined by two methods: 1) for Tyeas ~(2-12)- 107 sec according to the change in the
transparency of the scintillator for the light radiation of a flash lamp of the IFK type, measured with a
photocell; 2) for T, ., = 1min, the investigated PS was set up on a photomultiplier and a determination
was made of the relative change in the value of the exit curve of the FEU during irradiation of the PS with
Y quanta of a Co®® source before and after the pulse of x-radiation.

If we assume that the concentration of centers of absorption of light is proportional to the dose, then
the change in the transparency of the scintillator during its radioscopy with a pulsed flash lamp can be
estimated by the ratio

ID/Io=e'°°D", (1) ’

where I; and Iy are the currents at the exit of the photoreceiver for PS nonirradiated and irradiated with
an x-ray pulse with a dose D respectwely, h is the thickness of the scintillator, ecm; « is the coefflclent
of radiation rarefaction, R™!-em™,

The change in the light yield of an irradiated scintillator after volume excitation of luminescence with
v quanta is determined by the ratio [6]

ID 1— e—aDh o . - (2)
[0 aDh )

For scintillating plastics based on polystyrene containing 2% paraterphenyl and 0.06% POPOP (cylin- .
drical samples 40-50 mm in diameter and 5-100 mm high were used), we performed 16 irradiations. From
the oscillograns obtained, the ratio of the areas under the envelopes of current pulses of the photocell from
the flash of the IFK lamp before and after irradiation, which determines the average change in the trans-
parency for the time interval 2-12 psec after irradiation, was found. The average value of ID/IO was

o = (6.44 = 0.54).10-5 R~!. cmm ™!,
which corresponds to a ~10% loss of transparency at the dose 300 R for a scintillator 50 mm high.

The measurement of the transparency of PS at the moment of time 1, 2, and 10 min after pulsed
irradiation was performed under the influence of the v quanta of Co®®, Treatment of the results of these
measurements according to formula (2) yielded the following va.lues for 1 min, @ = 1.34 1075 R~!.em=!;
for 2min, o = 1:28-10-°R~! . em™!; for 10 min, @ = 1.0-10"°R~! -em™, The experimentally observable de-
crease in a with time is evidence of the existence of an effect of restoration of transparency of the scintil~
lator.

Translated from Atomnaya Energiya, Vol. 34, No. 2, p. 124, February, 1973. Original article
submitted June 7, 1972. '

© 1973 Consultants Bureau, a division of Plenum Publzshmg Corporation, 227 West 17th Street, New York,
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During a period of 10 min after irradiation, the value of o decreased sixfold, which corresponds to
an absolute restoration of transparency of the scintillator of approximately 400-fold.

The value of the coefficient of radiation damage @ in the microsecond region significantly exceeds (by
approximately 1000-fold) the previously known values [1~4] and is evidence of the incorrectness of an
extension of data obtained on sources of constant intensity to the case of pulsed irradiation.
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A LOW=-BACKGROUND GAMMA SPECTROMETER

Yu. A. Surkov and O. P. Sobornov » UDC 535.853

The scintillation gamma spectrometer is intended for studying low contents of radioactive isotopes in
samples of various material compositions. The operating principles were considered in [1]. The possi-
bility of replacing the analyzing detectors (NaI/Tl single crystals) enables the research worker to use the
most convenient geometry in order to carry out various types of measurement. The background of the
apparatus is reduced by means of a massive lead, steel, and copper screen (total thickness 160 mm) and
by a special choice of construction materials and active shielding using a plastic scintillator. The block
diagram of the apparatus is shown in Fig. 1,

The shield detector has the shape of a cylinder 400 X 410 mm in size with a well (dimensions ¢ 120
X 270 mm) perpendicular to the axis. At the conical ends it is provided with two FEU-49 photomultipliers.
The scintillator is covered with a white titanium enamel, In the well is a stainless steel vessel with sides
0.3 mm thick containing the analyzing detector, which is capable of being moved horizontally and vertically
by means of a special mechanism, so enabling the samples and crystals to be replaced. In the working
position the detector lies in the center of the plastic scintillator. The sides of the shielding structure are
set rails and may be moved by means of horizontal displacement mechanisms allowing access to the
structural elements of the active shielding. When studying samples 5-50 cm? in size the main analyzing
detector is an Nal/Tl crystal ¢100 X 100 mm in size with a well (size ¢ 33 X 60 mm). The resolution of
this detector with respect to Cs!'*" (using an FEU-52M) is 9.0%. The crystal is set in a container made of
oxygen-free copper with a quartz light-guide window 18 mm thick. In measuring samples up to 500 cm® a
scintillation unit with an NaI/T1 crystal ¢ 76 X 76 mm in size is employed; this has a resolution of 8.4%.
In this case the specimen is placed in a special container around the crystal in the form of a layer 12 mm
thick. The apparatus is situated below ground level. A concrete cover some 300 g/cm? thick placed above
the apparatus further reduces the contribution of cosmic rays to the background spectrum. In order to
reduce the contribution from emanations, a blower system is incorproated, and the analyzing detector is
automatically made airtight in the working position. As a result of the shielding, the background level in the
range 150=3600 keV is reduced by a factor of 80-100 times. The limiting reduction is governed by the in-
trinsic radioactivity [2].

4 20 19 18 17 16

/

v Fig. 1. Blockdiagram of the apparatus: 1) emitter follower;
% 2) amplifier-discriminator; 3) intensity meter;4)amplifier;
5) automatic recording potentiometer (EPP-09M1); 6)adder;
7) delay line; 8) amplifier-shaper; 9) coincidence circuit;
10) digital stabilizer; 11) pulse amplitude analyzer; 12)gen~
erator; 13) light-shield screens; 14) FEU~49 photomultipli-
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An amplitude analyzer with 1024 channels collects information simultaneously in two memory groups
of 256 channels each, with the apparatus working in two prineipal modes, viz., with and without anticoinci-
dence shielding (AC). By operating a gating circuit the spectrometer may be converted into the operating
condition with coincidence selection (coincidence counter or CC). The use of a light diode (attached to the
photomultiplier and triggered from a precise amplitude generator) as reference source, together with the
incorporation of a digital peak stabilizer, eliminates the necessity of carrying out an intermediate verifi-
cation of the energy range with the aid of gamma sources. By virtue of the high stability of the energy
range of the system (1% in 30 days) and the use of two spectra (obtained simultaneously and analyzed in an
electronic computer) for interpretation, high accuracy of the measurements is assured. By efficiently
.suppressing the Compton distribution, the cosmic component of the background, and the scattered radiation
of the external medium, the anticoincidence system reduces the background in the energy range 150-3600
keV by a factor of 2.5-3 times (depending on the intrinsic background of the detector). The background
spectra of a spectrometer with an Nal/T1 detector ¢ 100 X 100 mm in size (well size ¢ 33 X 60 mm) are
shown in Fig. 2. Apart from inevitable contributions from natural radioactive elements, the spectra con~
tain a peak evidently due to the H (n, ¥)D reaction in the hydrogen of the plastic scintillator involving the
development of capture y radiation with an energy of 2.23 MeV. The peak in the range 3.4-3.6 MeV is due
to the presence of contaminating impurities of a-emitters in the actual Nal and its packing [2].

On using crystals with wells there is a reduction in the magnitude of the effective layer, but the in-
crease in the solid angles with which the specimen is "viewed" by the detector (up to 95% of 47) leads to a
considerable rise in efficiency. Thus, for example, depending on the energy of the y radiation, the gain
in photoefficiency fluctuates from 3.5 to 2.1 times in the range 300-1500 keV. An estimate was made by
measuring three-dimensional sources of Hg?%, Cs®?, zn%, Mn* and K (weight in steps of 10 g) in the
well (p 35 X 50 mm) of an NaI/Tl crystal (¢ 80 X 80 mm) and in a solid crystal of the same dimensions.

The specimens were placed in containers of size ¢ 30 X 60 mm and 60 X 8 mm respectively., Measure-
ments made with crystals of different sizes, with and without wells, showed that the suppression of the
Compton effect in the AC mode at a y ray energy of over 0,5 MeV mainly depended, not on the crystal
dimensions, but on the geometry of measurement, reaching a factor of 2.7. The use of a detector with a
well enables the activities of such "cascade™ emitters as Cof?, Sc*®, A1%, Na®?, T12% etc. to be determined
(relative to the lower background characteristic of the hard region of the spectrum) from the areas of the
total peaks, which are not suppressed in the AC mode. The complication of the spectra by the total peaks is
also characteristic of solid crystals. This effect can only be neglected when measuring distance point
sources. Thus, for an Nal/T1 detector of size ¢ 76 X 76 mm with a Co® point source at a distance of 10 cm,
the effect amounts to 2%. Crystals with a well are characterized by smoothing of the edge of the Compton
distribution, as a result of which the form of the spectra is simplified (Fig. 3).

When studying samples of lunar soil recovered by the automatic space ships Luna 16 and Luna 20, the
activities of natural (U—Ra Th, and K) and long-lived (A1%¥, Na??, Mn®) cosmogenic radioactive isotopes
were determined in this way in [3]. Samples of weight 10 g were analyzed in the well (¢ 33 X 60 mm) of an
Nal/T1 crystal (¢ 100 X 100 mm). The measurements were carried out continuously for 30 days.
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A DIGITAL RECORDING METHOD FOR THE
RESULTS OF RADIOMETRIC MEASUREMENTS

V. P. Bovin, K. M. Volodin, . _
A. A, Eremin, and A. A. Lintser ) UDC 550.835.08

I

In connection with the preparation of designs for automatic control systems (ACS) by geological pros~
pecting and mining enterprises (particularly at uranium mines), a problem of special importance is that of
automatically recording and coding geophysical information (data from gamma Ioggmg or the testing of ore
in a pillar, or results of rap1d gamma analysis of excavated ore).

The main requirements for instruments used for geological prospecting work in quarries and pit mines
are that the instruments must be portable and must have self-contained power supplies. With these require-
ments in mind, a system has been worked out for the
automatic recording and coding of data from radiometric
n, pulses _ measurements in such a way that the data can be fed
[sec II I directly into electronic digital computers of the Minsk
| 22, Minsk 32, .and Mir types. The system is designed
,I to present in digital form either continuous measure-
lI ments (gamma logging of vertical and inclined bore-~
[
|
|
|

—_——

2000 I aai Ieb 1 R holes) or discrete measurements (gamma logging of
horizontal and ascending undergroundboreholes,gamma
sampling of mine output, and rapid gamma analysis of
excavated ore directly in mine cars or-other transport
containers).

1500
The recording method considered here consists

in measuring the number of pulses emitted by the sensor
of the borehole instrument during the time it takes the
instrument to traverse a borehole of given length AZ
(AZ is a quantized unit of depth where Z is the depth
coordinate). The information carrier transmits two
numbers: the number of pulses N corresponding to the
number of gamma quanta recorded in the time At = AZ
/v required for the sensor to traverse the distance AZ
(v is the logging velocity) and the time At itself, which
is also expressed by a number of pulses. Then the
desired quantity — the average counting rate over the
borehole length AZ —~canbedefined as n = N/At. The
calculation of the counting rate and the interpretation
920 21 22 25 24 2 hm of the resulting values in terms of depth are carried
out when the coded information is processed on the
electronic digital computer.

1000

500 f

0

Fig. 1. Diagrams for gamma logging of an
ore borehole, obtained by pointwise record-

ing using the PRKS~-2 radiometer (—)and by Unlike the apparatus described in [1, 2], the
digital recording for AZ =10 cm and v =75 apparatus used for representing the data of contin-
m/h (---). : uous gamma logging in digital form consists of two
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units: a portable unit and a stationary unit. The portable unit is an intermediate-memory device which

contains an ordinary mass-produced tape recorder with self-contained power supply and a special device
for converting the angle of rotation of the measuring roller of the hoist into a series of electrical pulses
which are used in interpreting the recorded information in terms of depth,

In the logging process, one track of the magnetic tape records in a unitary code the pulses received
from the internal converter of the logging radiometer and the pulse commands ("marks") which show the
times at which the sensor has traversed a specified interval (2.5 cm, 5 cm, 10 cm) along the borehole,

The recording density along the magnetic tape is of the order of 50 pulses/mm. In order to minimize
counting errors, the recording unit of the tape recorder includes a smoothing device. This makes it pos-
sible, for a tape speed of 9.5 cm/sec, to record with practicallynolosses, information corresponding to a
equilibrium uranium concentration in the ore of up to 1%. -

The information recorded on the magnetic tape is reproduced under stationary conditions and con-
verted by a coder into a digital code to be fed into the computer. The coder consists of two counters which
record the pulses, a control apparatus,-and a key-punch machine. The counting of pulses from the detec~
tion unit and the time counter is continued either until the next "mark" is reached or until one of the coun-
ters overflows. ‘

~ By means of the control apparatus, the number generated in the counter is punched into paper in the
form of a machine word consisting of six lines, with the first five lines giving digital information and the
last line representing the end of the word. The number on the punched tape is represented in a binary-
decimal code, which makes it easier to comprehend the information in visual form. If necessary, the tape
is also punched with coded information on the measurement conditions, for use in the interpretation of the
gamma logging data: the diameter of the logging instrument, the diameter of the borehole at various depths
(from cavernometric data), the density of the drilling mud, and the thickness of the casings. The corres=
ponding numbers, inbinary-decimal code, are punched into the tape by a key-punch machine.

When information is recorded in the measuring mode, the points on the magnetic tape serve only for
recording the signals for the beginning and end of the counting of a given number of pulses transmitted from
the output of the logging instrument. In this case the distance between marks on the magnetic tape is
proportional to the measuring time. This method of coding the informatiom makes it possible to reduce
the speed of the magnetic tape in the recording mode.

Mockup models of this equipment were tested under operational conditions in 1970 and 1971. The
tests were conducted in a number of exploratory boreholes drilled in a quarry. The results (see Fig. 1)
show that the logging curves plotted by the digital recording method satisfy the precision requirements for
the quantitative interpretation of gamma logging data,
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GAMMA-RAY BUILDUP FACTOR FOR
A SPHERICAL SHIELD .

V. A. Zharkov, A. A. Chudotvorev, ) - o ;
and A. F. Kolesnikov UDC 539.122:539.121.72

There are well-known papers which point out the rather strong dependence of gamma-~ray buildup
factor on shleldmg—detector distancefor plane shields [1].

In this work, we measured the gamma-ray dose buildup factor at the surface of a spherical shield
and investigated the dependence of the buildup factor ondetector — shielddistance. The experiments were
performed with two aluminum spheres 25 and 12 cm in diameter at the centers of which a practically point
source of Cs!3? was placed. The gamma ray detectors were a scintillation spectrometer with stilbene
crystal and SBM~10 halogen counter with filters which eliminated the energy dependence in the region of
low-energy gamma rays. Appropriate corrections for "dead" time were apphed to the measurernents.

Measurements were carried out with the two detectors for the 25 cm -d1ameter sphere, In this
case, good agreement of the results was observed; therefore only the SBM-10 detector was used for mea~-
surements with the 12 em- diameter sphere, which facilitated the analysis of experimental results and de~
creased the error in measurments at small distances from the surface of the shield.

The background from radiation scattered in air was measured with the help of a lead cone which pro-
vided an attenuation of not less than 10°, In the worst case, the background did not exceed 3%. Systematic
error in the measurement of the absolute value of the buildup factor resulted mainly from errors in the
determination of shield thickness and was 3%. It should be noted that because of the finite dimensions of the
detectors, it was impossible to make measurements of the buildup factor directly at the surface of the
shield.

In this work, the buildup factor at the surface of the sphere, BR, was obtained by plotting a smooth
experimental curve for Br—- 1 as a function of R/r by the method of least squares and subsequent

F — -
LT )
+\ Ll Fig. 1. F as a function of R/r: O, X) respectively the
+ \F' | SBM-10 and stilbene measurements for a sphere with a
08 \L\‘ ‘ wall thickness of 2.4 mean free paths; A) SBM-10 mea~
I TN l iR i surements for sphere with a wall thickness of 1.1 mean
free paths; —) calculated from Eq. (1).
\ \EL %»Tﬂ"“ b ) ; q. (1)
L L 1 L

Yo 0B @ 45 05 04 05 07 01 A/r
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submitted April 17, 1972.

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. Al rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for $15.00.

167

Declassified and Approved For Release 2013/09/15 : CIA-RDP10-02196R000400010002-8



Declassified and Approved For Release 2013/09/15 : CIA-RDP10-02196R000400010002-8

extrapolation of this curve to the values (R/4) =1 (R is the radius of the sphere, r is the distance from the
center of the sphere to the detector, B,. is the buildup factor at the distance r). For the smoothing proce~
dure, we used a dependence of the type const F(R/r), where F is a spec1ally determined theoretical func-
tion (see below).

After renormalization, the experimental results were in the form of the dependence of F®R/r)
= (Br—l)/(BR— 1)on R/r. As is clear from Fig. 1, the theoretical curve in both cases considered is a
good description of the set of experimental points, which confirms the possibility of using this curve for
the smoothing procedure.

The experimental values of Br and their measurement error were determined with the help of an
expression obtained by least squares

n

3 [ (5) -] 7 (32)

Bp—1= =t

n
s
> (%)

i==1

where ri/R are the distances (in relative units) at which measurements of the buildup factor were made; n
is the number of such measurements

For spheres with wall thicknesses of 12 and 5.5 cm (2.4 and 1.1 mean free péths), the values of the
buildup factor at the surface of the shield were 3.65 + 0,13 ‘and 1.88 = 0.07 respectively. These values
agree within the limits of experimental error with the correspondmg values for plane shields: 3.7 and
1.9 (2].

For the analysis and interpretation of the experimental data on the dependence of the buildup factor
in this work, an analytic relation was obtained in the derivation of which the single assumption was made
that the angular distribution of the intensity of scattered radiation with respect to the propagation vector
of the primary radiation at a given point on the surface of a spherical shield was similar to the correspond-
ing distribution for a plane shield. The comparative study in [3] of the angular distributions of the intensity
of scattered radiation at the surface of spherical and plane shields established there was an insignificant
difference in the distributions which was only observed in the region of large angles 9.

Assuming the angular distribution of the intensity is described by

als 9"6/96
dQ ~ sin6 ’

(0, is a constant which depends on source energy, shielding material, and weakly on shield thickness), we
obtain

=
1 n/2 e~9/%0 c05 0 d0
= 8 (11 /209 ' ]/1_ — smze . . 1)
With decrease in R/r, the function F falls monotonically from 1
( at -1;: 1) to 1_:93 . fjgoi;;e/ozeo ( at rﬁ» 0) .

It is interesting that the limiting minimal value of F is easily obtained from simple physical con- !
siderations by using the fact that for any r = R, the energy flux passing through a sphere of radius r is
constant and the current at the surface of a sphere with r = R is practically equal to the flux at the surface;
in this case, lim = JR/®;, where Jp and Py are the values of the current and flux at the surface of the

— =0
-

sphere.
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The function F was calculated on the Minsk-22 computer for a Cs!37 source located at the center of
a spherical aluminumshield. In the calculations, the constant 8, was assumed to be 0.506 [4]. The maximum
deviation of the function F from unity did not exceed 20% (the buildup factors B, and BR differed even less).

At energies greater than that of Csm, and for materials heavier than aluminum, the differences in
buildup factors for spherical and plane geometries will obviously decrease because of the reduction in
shielding effect, and the values of F (and consequently of Br/BR also) will be closer to one, which may
explain the high directionality of scattered radiation with respect to the propagation direction of the primary
radiation. ‘ '
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FLUORESCENCE OF AIR UNDER THE ACTION
OF RELATIVISTIC ELECTRONS

V. D. Volovik, V. I. Kobizskoi,
V. V. Petrenko, G. F. Popov, _
and G. L. Fursov UDC 539.124.17

When charged particles pass through matter, part of their energy goes to ionization and excitation of
atoms and 'molecules of the medium. In gaseous media the energy lost appears in the form of electromag-
netic radiation. Some of the ionization radiation lies in the visible and can be recorded by photodetectors.

The mechanism for the generation of ionization radiation by relativistic electrons can be represented
as follows. Fast electrons passing through a medium generate secondary or-5-electrons which have a
continuous energy spectrum, so that the majority of their energies are in the low-energy region. Secondary
electrons can also be formed by bremsstrahlung photons which eject electrons from other atoms by virtue
of the photoelectric and Compton effects. The excitation cross section decreases as the incident electron
energy increases, so that the luminosity arises in the main from collisions of slow secondary electrons
with atoms or molecules of the medium [1].

An investigation has been made of the dependence of ionization luminosity of air on relativistic elec-
tron energy, under good geometrical conditions (6 - 10~ ster.cm?). The investigation was done in electron
beams of linear accelerators at the Physicotechnical Institute of the Academy of Sciences of the Ukrainian
SSR Khar'kov, in the energy range 20 to 1400 MeV. The accelerators were pulsed at a frequency of 50 Hz,
The electron beam passed through a chamber with blackened walls, filled with air at normal pressure and
room temperature, The light generated by the electron beam passed along an air-filled light pipe to a
FEU-79 photomultiplier which, had lead shielding on all sides, apart from the inlet. To eliminate possible
recording of Cerenkov and transitional radiation the radiation recording direction was chosen to be per-
pendicular to the electron beam, so that the radiation from the side walls could not fall within the photo-
multiplier field of view. The signal from the photomultiplier anode load went through a preamplifier, a
main amplifier, and then to an oscilloscope the sweep of which was triggered by a synchronous pulse from
the accelerator.

The light recorded was not that from individual electrons but that from all the electrons in a pulse.
For this purpose the photomultiplier output has an integrating RC network with an integrating time constant
greater than the current pulse length. Then during attenuation of a pulse the entire cluster of electrons
passes through the test volume, and the amplitudes from all the electrons are summed,

The energy dependence of the luminous intensity was measured on different accelerators in the energy
range 20 to 1400 MeV. All readings were referred to a single current (0.2 pA) and a single pulse duration
(1.5 psec). The measurement accuracy was +10%. The experimental points are shown in Fig. 1; it appears
that as the incident electron energy increases the light intensity falls off slightly, and does not coincide with
the ionization loss curve. Figure 1 also shows the theoretical curve 1, calculated from the Moller formula

Ljyme rel units
I ' . . . St . -
: E, Fig. 1. Ionization emission as a function of primary electron energy:
C/iig - 1) theory for the dependence of energy imparted to -electrons in the
2 vieinity of the maximum excitation cross section on the primary elec-
' tron energy; 2) ionization losses of electrons in air. -
2 Lo1oritren t
10 10 1707 10° E, MeV
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for the dependence of the energy imparted to secondary electrons near the maximum cross section for atom
excitation on the primary electron energy. If the luminosity is mainly due to slow secondary electrons, the
luminous intensity shouldbe proportional to the energy 1mparted to the secondary electrons near the maxi~-
mum cross section for excitation of luminosity.

The energy dependence of the ionization luminosity of ai‘r was also investigated in (2], but in a vei'y
small energy range (1 to 4 MeV) where the luminous intensity does not depend on energy, since the 1omza—
tion losses in this range also depend very little on energy.

We take the view that our experimental data are in good agreement w1th curve 1 of Fig. 1. .These
data will be useful for developing monitors for low and very high charged particle fluxes, and for producinga
non-solid-path dosimeter based on gaseous ionization luminosity.

We thank A. A, Grishaev and I. 1. Zalyubovskii for their constant interest in this work.
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FOCUSING OF SUPERCONDUCTING SOLENOIDS IN
HIGH-ENERGY LINEAR PROTON ACCELERATORS

B. I. Bon.darev, V. V. Kﬁshin,
B. P. Murin, L. Yu. Solov'ev
and A, P, Fedotov ' UDC 621.384.643

The principal energy increment from.100 to 600-1000 MeV) in linear proton accelerators energizing
particles to 600-1000 MeV (meson factories [1, 2]) is brought about by resonator cavities operating at fre-
quencies of 800-1000 MHz. Protons are focused by magnetic quadrupole doublets positioned between the
resonator cavities and the sections comprising the resonators. This type of quadrupole focusing does not
facilitate the effective inscribing of the beam in the accelerator aperture, because of the axial asymmetry
resulting. The aperture diameter must be selected in the range of centimeters, so that the effective use of
the radio-frequency power establishing the accelerating field in the resonator cavities is curtailed.

To date, the development of superconducting solenoids has attained a level such that they can be
employed in accelerators now under construction. The reliance on axially symmetric focusing by a longi-
tudinal magnetic field established by superconducting solenoids has made it possible to narrow the aperture
of the focusing channel and to reduce drastically the radio-frequency power required. Moreover, tolerances
in the installation and stability of the components inthe foclising channel can be relaxed appreciably.

. Particle Dynamics

The transverse motion executed by particles in a longitudinal magnetic field is given by the equa-
tion .

d2r M '
W—*—QZF—T:;—-:O. (1)

The beam dimensions are determined by the size of the phase
volume occupied by the particles having no initial rotation

(M = 0) [3]. Equation (1) then becomes simplified, and in the
dimensionlessfcoordinates p, z, where

_ Ds . _ Beeadt
p—l/psoLoL T de= T

the equation becomes
42
—d—z%—}—p(z)p=0. )

Here B is the velocity of a synchronous particle divided by

the speed of light c. The subscript "0" refers to values of

the momentum pg of the synchronous particle and of the

focusing period L at the beginning of the accelerator section

in question. In the new coordinates, the focusing period is

Fig. 1. Stability diagram plotted for & unity, and the function p(z) becomes, within the confines
=0.,8. of the accelerating section,
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neEm (1—p2)3/2 L2
p(z)=_.A=——Tﬂﬁ§k—————smq), 3)

and in the lenses

eH? (1—§2) L?
P(Z)=A2=W' @)
where e, m; are the charge and mass ofthe proton; E,, is the amplitude of the accelerating wave; ¢ is the
phase of the particle with respect to the accelerating wave as reckoned from the peak of the wave; and H,
is the magnetic field intensity.

The stability diagram of Eq. (2), plotted in (A, A% coordinates, is reminiscent of the stability dia-
gram in quadrupole focusing [3]. In both instances, A is the focusing parameter and A is the instantaneous
(dimensionless) frequency of transverse oscillations within the confines of the lens. In contrast to quad-
rupole focusing, where A? reverses sign periodically, here this parameter is always positive, Figure 1
shows a stability diagram plotted for the case £ = 0.8, where ¢ is the fraction of the focusing period taken
up by the accelerating section. - The diagram shows curves of the characteristic parameters cos u, Y min’
and 7y, which are interrelated with the parameters A and A by the following formulas: .

°°5P=C°5A(1—e)ch'|/.71£— " smA(‘l——s)sh VAe;

1/“ .
_Al/z VAAsinA(1—s)ch YVAe—{A2+ 4)—(A2—4) cos A(l—e)Ish VA& ('5)
- 2VAAsinA(l—g)ch VAe[(A2+A)+H(A2— A)cos A (1—e)]sh '[/As

—l/ —2A VAcos Al—e)sh VA s+ AL A) 1 (nT—A)ch VA ejsinA(l—e) |
- 2A'[/AcosA(1—e)sh'l/Ae-{«[AH-A)—(A? - 4) ch VAe]sin A (1—¢)

The thin-lens approximation may be used for estimates, In that approximation, the point on the
stability diagram corresponding to the values A = 0 and cos p = 0 will be characte»ized by the dependence
of the parameters A, Vi, and v on &:

/3
Kt Zvra
Vrnin=VZ—¢; | ®)

4 1
AT =

In‘contrast to quadrupole focusing, the amplitude coefficient Y min: and with it the channel handling
capacity, vary inversely with . The amplitude coefficient v,,i, covers the range 1.0-1.4 over a broad
range of variation in €. That means that the channel capacity will be 1.5 to 2 times greater in focusing by
a longitudinal magnetic field than in quadrupole focusing, where v,ijp = 0.6 to 0.8. The values €= 0.8 and
Y min = 9.6 were assigned in the design of a 600 MeV meson factory {2]. At that value of €, focusing by a
longitudinal magnetic field can bring about vy = 1.0. A 70% increase in v, i, at a specified beam emit-

tance decreases the beam radius and the aperture radius by 30%, which accounts for about 20% savings in

- high-frequency power.

Consequently, radial motion of particles with no initial rotation imparted to them, in a channel with
solenoids spaced far apart in terms of their parameters u, Vmin» and €, is reminiscent of particle motion
along one of the transverse axes in a hard focusing channel. The frequency of radial oscillations is much
greater than the frequency of longitudinal oscillations, and focusing by the longitudinal magnetic field can
no longer be properly referred to as "soft" focusing.

From Eq. (4) it follows that

2
Hy= I 2ABs (M)

e LVY1—p’

The magnetic field strength increases in proportion to the momentum of the synchronous particle, with A
and L constant, When € = 0.8, and with the acceleration paced as in [2], the parameter A = 0.8 at 100 MeV.
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As the energy is brought up to 600 MeV, this parameter decreases tenfold. At the values of A and A re-
ferred to, and at v ; =1.0, the parameter A =3.3 at 100 MeV and A = 2.7 at 600 MeV. The length of the
focusing period varies along the second part of the meson factory from 220 cm to 350 cm. Substituting .
these values of the setof parameters into Eq. (7), we find that the magnetic field strength at the beginning

of the second part is 44 kOe, but 1ncreases to 63 as acceleranon proceeds.

Tolerances on Parameters of Focusing Channel

Perturbations of the transverse oscillations are caused by the inclinations of the solen01ds and by
random departures of the fields generated in the solenoids from the rated values.

_ The random inclinations of the solenoids bring about a displacement Ar of the beam axis, the rms
value of which is

V(Ar Ad-9 vorm, : (8)

mm

where n is the number of focusing periods, and D(4) is the variance of A, equal to half the product of the
solenoid angle of inclination and the solenoid length. When € = 0.8, V(qijp = 1, A =3 (the average of the
above values), and D(A) = 0.15mm, we end up with 2.9 mm as the rms displacement of the beam. The
same displacements are observed in the case of quadrupole focusing when more stringent tolerances are
imposed on the mounting of the quadrupole lenses.

By following the procedure outlined in [4], we find that, because of focusing fields, the beam dimen-
sions increase 0 times on the average, where :

=V Y

SpM 2At(1—e)® (AH, \?
=t () -

© .

If V(AH,/H,)? = 2%, then we obtain § = 1.5 for € = 0.8, A =3, ;= 1.0, and n = 110, The coefficient §
is brought down to 1.1 when adiabatic damping is taken into account. Approximately the same § value is
arrived at in quadrupole focusing, when fairly stringent rms tolerances are imposed: the precision in
mounting and the stability of the magnetic field are to within 0.1%, the rotation angle of the median planes to
within 20,

Comparative Estimate of Focusing Systems

For superconducting solenoids with magnetic field strength 50-60 kOe, we can make use of NTB~1
grade multicore Nb — Ti superconductors. In an experimental solenoid [5] made from that type of super-
conductor, at field strength 50 kOe and temperature 4.2°K, the effective current density (taken over the
cross section of the winding) is ~2.10* A/cm? About 5 kg of Nb —Ti alloy is required, at that current
density, per solenoid with average characteristics (magnetic field strength 55 kOe, length 60 cm, I.D. 4.5
cm, O.D. 9.2 cm). The cost of such a :solenoid plus cryostat is 2.5 to 3 times greater than the cost of a
standard magnetic quadrupole doublet. But the cost of a superconducting focusing system, including the
refrigerating system and the helium leads, and with ten years of accelerator service taken into account in
the calculations, is approximately equal to, or slightly below, the cost of a focusing system based on
standard magnetic quadrupoles. If the substantial savings in radio-frequency power are taken into consid-
eration, then the use of superconducting solenoids for focusing in linear proton accelerators is well justi-
fied.
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MEASUREMENT OF THE ENERGY DISTRIBUTIONS OF
THE FRAGMENTS DERIVED FROM THE FISSION OF
PREACTINIDE NUCLEI BY ALPHA PARTICLES, |
USING THE "TRACK METHOD"

M. G. Itkis, V. N, Okolovich,
A, F. Pavlov, and G. Ya. Rus'kina UDC 539.173.8.164

"Great experimental difficulties arise in ndeasuring the fragment spectra arising from the fission of
nuclei with atomic numbers Z = 84 by charged particles at excitation energies of Eq < 35 MeV. On mea-
suring the energies of the fragments with semiconducting counters, the ordinary method cannot be used,
owing to the small values of the fission cross sections (o < 0.1 mb) and the high background. of scattered
o particles encountered in achieving the required statistical accuracy of the measurements.

An analysis of the eénergy spectra of fission fragments‘ arising from compound nuclei at the saddle
point with fairly low excitation energies is of considerable scientific interest both from the point of view of
verifying the existing relationship between the mean kinetic energy of the fragments Ex and ZZ/AI/ 3 obtained
for fairly large E, and considerable angular momenta [1], and also from that of verifying Halpern's hy-
pothesis [2] as to the possible increase in the asymmetrical modes of fission of preactinide nuclei forfairly
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Fig. 1. Energy distributions of the fission fragments of Ir'8® (A), Pt'% (), TI®! (V) and
At?13 (#) measured by the track -method.

90 Ex,MeV

Fig. 2. Comparison between the energy spectra of the fission fragments of At (@, A)
and T12! (+, X) measured with semiconducting detectors (— — —) and glass detectors

( )-

Translated from Atomnaya Energiya, Vol. 34, No. 2, .pp. 133-135, February, 1973. Original article
submitted May 18, 1972. :

© 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York,
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without
permission of the publisher. A copy of this article is available from the publisher for §15.00.
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TABLE 1. Results of Measurements ofthe - low values of E,. In addition to this, if we can measure
Energy Distributions of Fission Fragments the energy distributions of fragments close to the fission
= > £, MeV K bar_rier, then the degree of purity of the test targets (Z
§ % 2 = = © = 84) with respect to strongly fissile impurities (uranium,
Eg 5 presentin-\data of | 5% U . ~thorium) may easily be monitored, which is a necessary
O & | uff [vestigationothers o = | A= condition for obtaining reliable data as to the fission bar-

10189 | 34,2 | 127,94-4 — 58,207 | 129,7 riers and effective moments of inertia of the nuclei.

78Pt192} 34,9 | 135,04-3 — 64,745 | 132,6

81 T1201} 35,7 [ 139,42 (13844 7} 51,644 | 139,3 The possibility of measuring the energy distribu~

gsAt218| 27,9 | 151,53-2 {14644 [6]] 45,88 | 149,0 . .
tions of fragments by means of glass detectors was dis~

cussed in [3, 4] for the case of the spontaneously fissile
nuclei Cm?* and Cf%2, The results indicate a certain
nonlinearity in the dependence of the diameters of the
craters in the glass on the energy of the fragments, which
casts doubts upon the p0851b111ty of obtaining reasonably accurgte mean kinetic energies of the fragments
Eg by direct calculations based on the track method.

*Results of [1]

The track method is more promising for measuring Ey in the case of nuclei undergoing fission in a
mainly symmetrical manner, for which the energy range of the fragments is considerably narrower and
the nonlinearity of the relationship between the diameters of the tracks and the energy of the fragments
should have a less noticeable effect.

The present investigation is aimed at verifying the use of this method of the fission of Re!%5, 0s!#  Ayl%,
Bi%" by & particles with an energy of 38 MeV. Inthe experiments we used layers of the isotopes in ques~
tion 100-200 pg/cm? thick; photoemulsion glasses acted as fission-fragment detectors. The irradiated
glasses were etched simultaneously in hydrofluoric acid (concentration ~48%) for 170 sec. In order to
calibrate the energy scale we measured the fragment spectra for the fission of Au and Bi by 38 MeV « par-
ticles and that of Th®?by 27 MeV « particles with semiconducting counters. (In the latter case the position
of the peaks corresponding to the light and heavy fragments was already well known.) The fragment spectra
were measured with glasses and semiconducting counters using exactly the same geometry = at anangle of
90° relative to the axis of the incident particle beam. We made two.series of measurements with different
batches of glasses and different etching conditions. The irradiated glasses were inspected under an MIRE-2
microscope, with automatic recording of the results of the measurements on punched tape. Control mea-
surements were carried out under a KSM microscope, the reading accuracy of which was about 0.1 . The
final analysis of the results of our measurements of the fragment spectra was carried out in a BESM-4m
computer, For each element we measured up 3000-6000 tracks. Corrections of the kind usual in experi-
ments of this type were introduced into the measured values of Ex [5, 6].

The results of an analysis of two independent series of measurements coincided, within the range of
errors indicated in Table 1. Table 1 gives the measured values of EK’ the dispersion of Eg, and also the
results of calculations of Ei based on [1]. Figures 1 and 2 show the energy distributions of the fragments
of the compound nuclei studied and the Ey distributions of the isotopes TI1*! and At?*? obtained by means of
semiconducting counters and glasses.

The measured energy distributions of the fragments of the elements under consideration presented in
Table 1 and Figs. 1 and 2 indicate a real possibility of making direct measurements of Ex by the "track
method" and achieving a fair accuracy in so doing. The results of our measurements, coinciding with the
calculated values of EK [1] within the limits of experimental error, lead to the conclusion that the angular
momentum introduced into the nucleus by the particles and the excitation energy of the compound nuclei
have relatively little effect on the mean kinetic energy Ey.

Our own measurements of }TSK agree with the theoretical calculations of [8] and with the experimentally
measured values of the kinetic energies of the elements under consideration obtained by means of semicon-
ducting counters in earlier investigations [6, 7].
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THE AVERAGE NUMBER OF NEUTRONS EMITTED IN
THE SPONTANEOUS FISSION OF Cm?%, Cm?4%, AND Cm?248

V. V. Golushko, K. D. Zhuravlev,
Yu. S. Zamyatnin, N, I, Kroshkin,
and V. N. Nefedov UDC 539.173.7

Until the present experiments on the measurement of Fp - the average number of prompt neutrons
emitted per fission — were formulated, the only even—even isotope of curium for which a substantial number
of measurements had been made was Cm?*; on the basis of the Cm?24 measurements, Konshin's survey
report recommended a value of ;p =2.691 + 0.032, Only one measurement was known for Cm?% [2] and
one for Cm?38 [3], and these had been made with relatively low accuracy (3-7%). We therefore thought it
desirable to measure ;p for all the nuclei listed above, under identical conditions and in the same experi-
mental setup, in order to ascertain how Vp varies with mass number in the fission curium isotopes. Similar

measurements were conducted in parallel by G. N. Smirenkin et al, [4].

The fission neutrons were recorded by 48 SNM-18 proportional counters placed in a paraffin moderator
500 mm in diameter and 500 mm in length, with a transverse central channel (diameter 90 mm) for instal-
ling the fragment detector. In order to reduce the scattered-neutron background, the neutron detector was
placedinside a:boron carbide shield 50 mm thick. The recording efficiency for neutrons from the sponta-
neous fission of Cf**? was 29%. We used a neutron detector similar to that described in [5], with resolution"
time of 3 usec. The fission fragments were recorded by means of gas-type scintillation detector. The
fissionable substance was spread on a stainless-steel substrate. The target spot diameter did not exceed
10 mm, The isotope composition of the targets is shown in Table 1.

In the measurement of 3p, the fragment pulses opened the gate circuit__for a period of 180 usec, during
which the neutron pulses were recorded. The reference used in measuring Yo for the isotopes under in-
vestigation was Cf*?, for which the 3p value was taken to be 3.756 + 0.010 [1]. We made ten series of mea-
surements for each of the investigated isotopes. From the Cf?% calibration target we recorded 12 dis/sec,
whereas the values for the curium targets ranged from 1.5 to 3 dis/sec.

The experimental results obtained were corrected for the background of random coincidences and for
the isotope composition of the targets, As in [5], we introduced a correction for the coincidence of pulses
produced by neutrons from a single fission. The role of the variation in neutron-detector efficiency as a
function of energy was estimated by comparing the 'ﬁp value for Cm?! obtained in the present study with the
value recommended in [1]. The values are in good agreement, which shows that the correction for

TABLE 1, Isotope Composition of the TABLE 2, Values of ?p for Curium Iso-
Targets topes
. Isotope percentages - Data obtained in
Target Isotope | Present study [4] 1970-1971
242 244 245 246 248

Cm?2% | 2,680-£0,027 | 2,7002-0,014 | 2,691-+0,032 [1]
0.49 0.1 . Cm?246 | 2,92740,027 | 2,95040,015| 3,20+0,22 [2]

Cm24 1 0,03 | 99,24 Cm2s |3/173.00,022 | 3/15740,015| 3.41+0.09 [3]

Cm?246 - 0,25 | 0,29 99,46 —
Cm?248 _ 5,57 — 1,85 92,58

Translated from Atomnaya Energiya, Vol. 34, No. 2, pp. 135-136, February, 1973. Original article
submitted July 31, 1972.
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the variation in efficiency as a function of energy does not exceed the limits of measurement error. The
maximum value of the other corrections discussed in [5] was no more than 0.1% under the conditions of our
experiment.

Table 2 shows, for comparison purposes, the results of the measurements made in the present
study and the data of other authors. It can be seen that the results of the present study are in good agree-
ment with the data of [4] and indicate that ip for even isotopes of curium increases linearly as the mass
number A increases, This result may be regarded as an experimental co1nf1rmat1on of the calculanons
made in [6] for the function Vp(Z A).

In conclusion, the authors wish to thank L. I. Prokhorova and G. N, Smirenkin for their valuable
advice in the construction of the neutron detector, and also to thank A. P. Druzhnov for his help with the
measurements. ‘ : ‘
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COMECON NEWS

COLLABORATION DAYBOOK

The 15th session of the PKIAE SEV work group on reactor science and engineering and nuclear power
was held September 26-29, 1972 at Marianske Lazen (Czechoslovakia). Specialists from Bulgaria, Hungary, -
East Germany, Poland, Rumania, the USSR, and Czechoslovakia participated in this session, as well as a
staff member of the COMECON Seécretariat.

The positions originally taken in forecasting calculations were approved in the course of discussions
on the development of an updated prognosis of nuclear power development in the COMECON member -nations.

The work team discussed proposals on the program of collaboration in the field of research reactors,
and concluded that it is now feasible to set up a KNTS body on research reactors. A draft plan for the
Commission's work in the field of reactor science and engineering and nuclear power was approved, and
various other topics in the organization of collaborative efforts were also discussed.

The first session of the KNTS on water management for nuclear power stations was held at Magdeburg
(German Democratic Republic) September 26-29, 1972. Participating were specialists from Hungary,
East Germany, Poland, Rumania, the USSR, and Czechoslovakia, as well as a staff memberof the COM-
ECON Secretariat, :

On the basis of an analysis of research carried out in the COMECON member nations on water man-
agement at nuclear power stations, results of which were discussed at a symposium in May 1972, this
KNTS worked out proposals on the basic trends in scientific-research work, and proposals on improving the
program of collaboration in this domain, Particular emphasis was placed on the fact that construction of
nuclear power stations in areas with differing water supply facilities must be accompanied by improvements
and refinements in the technology of water treatment, with due attention given to geographical and seasonal

.conditions. It is important that sufficient attention be given to those aspects of water management in the
initial design stage of nuclear power stations.

- The fourth session of the KNTS on radiation engineering and technology was held in Budapest, October
5=7, 1972. Members of the council participated alongside experts from Bulgaria, Hungary, East Germany,
Poland, Rumania, the USSR, Czechoslovakia, staff members of the COMECON Secretariat, and a represen-—
tative of the Interatominstrument international economic association on nuclear instrumentation. The
agenda specified 12 topics, including a summary of the conference of specialists of COMECON member
nations recently held on implementation of high~level radiation facilities and radiation technology in indus-
try. '

The council discussed and -approved a report on industrial realization of processes designed for radia-
tion fabrication of wood and plastic materials (E. Plander, Czechoslovakia), and accepted this report as a
basis for working out measures on the industrial acceptance of processes for radiation modification of
wood in the national economies of interested nations. The following points were noted.

1. Wood and plastics can be used in shipbuilding, in the chemical process industry, in the production
of textiles, in civil engineering and construction work, and in other areas of modern technology, and can
partially replace materials made from more expensive hardwoods (oak, ete.).

2. In some capitalist countries (USA, France, Finland, etc.), industrial production of commodities
(predominantly parquet flooring) from radiation-modified wood has been organized. Despite the compara-
tively high cost of those commodities, they are in great demand because of their excellent service qualities.

Translated from Atomnaya Energiya, Vol. 34, No. 2, pp. 137-138, February, 1973.
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3. In COMECON countries, radiation modification of wood is in the pilot plant and testing stage. In
the,Soviet Union, for example, the basic parameters of a technological process for production of some
commodities from radiation-modified wood have been worked out, full-scale tests of flooring made of
modified parquet have been staged, and the prerequisites for instituting a new method in industrial pro-
duction have been created; experiments designed to study a technology for impregnation by monomers
and radiation modification of furniture plywood, parquet flooring, and curing of paint and varnish coatings
for wood materials were carried out.

A report presented by a KNTS member, B. Gratu of Rumania, on training of specialists in radiation
engineering and technology was approved, and such forms of training and skills upgrading of specialists
as mutual exchange of instructors and guest lecturers:, organization of special courses, and seminar
schools, etc., which are the forms most popular and most widely practiced, were approved and recommend-
ed. In particular, the KNTS voted a resolution on the feasibility of organizing, to begin with, a series of
lectures on technological dosimetry of radiation processes, and took into consideration a declaration by the
Rumanian delegation to the effect that, at any time later than 1973, such courses can be organized in
Rumania.

The topical structure of the symposium on radiation procéessing of foodstuffs and agricultural products
(Bulgaria, October 1973) was worked out, and arra.ngements for further preparai;ory work on the symposium
were approved,

The Council approved plans for the development of unitized assemblies in radiation facilities, for
scientific forecasting of the development of basic trends in radiation technology, unified public~health rules
and regulations on radiation devices and operation of radiation facilities, unified procedures of dosimetric
monitoring of radiation technological processes.

The 1973 work plan was discussed and the agenda of the fifth session of the Council (scheduled for
East Germany, April 1973) was discussed.

The session took place in a businesslike and cdmradely atmosphere. The participants took favorable
note of the excellent organization of the session, and the work done by the Hungarian delegatlon in expediting
the session.

The third KNTS session on radioactive wastes and deactivation was held October 8-11, 1972, at
Kolobrzeg (Poland). Specialists from Bulgaria, Hungary, East Germany, Poland, Rumania, the USSR, and
Czechoslovakia, as well as COMECON Secretariat staff members, participated in the work of the conference.

Assessments of the results of work done with existing facilities designed for reprocessing of low~
level and medium-level radioactive wastes, and a "Procedure for geological, hydrogeological, and physico-
chemical research in prospecting, exploration, and validation of the suitability of geological structures for
safe burial of radioactive wastes," were discussed, as well as criteria for selecting appropriate techniques
for the immobilization of nuclear power station radioactive process wastes in relation to the properties
of the wastes and the natural disposal conditions.

The 24th session of the work group on nuclear instrumentation met October 10-13, 1972 in Sofiya.
Delegations of specialists from Bulgaria, Hungary, East Germany, Poland, Rumania, the USSR, and
Czechoslovakia, took part in the session, and representatives of the international association Interatomin-
strument were alsoin attendance. Scientific and technical collaboration between COMECON member nations
in the field of nuclear instrumentation were discussed.

The specialists discussed the design of a thesaurus suggested by the German Democratic Republic
delegation for organization of centralized coverage and searches of the worldwide patent literature on the
class of nuclear instruments, and decided to request that PKIAE SEV recommend this design for use in
COMECON member nations over a three-year period with subsequent refinements and supplements.

The work group heard a report by Soviet specialists on the general concept of setting up systems of
modules and instruments based on integrated circuitry, and suggested that a detailed concept be worked out
with subsequent preparations of recommendation on standardization. A broad exchange of information on the
status of developments and production of nuclear physics equipment based on integrated circuitry in the
COMECON member nations was arranged. A project submitted by the Polish delegation incorporating
plants for preparing and holding a symposium on the topic "Development of integrated-circuit nuclear
equipment,” was discussed and approved (scheduled for April 1973, in Poland).

181

Declassified and Approved For Release 2013/09/15 : CIA-RDP10-02196R000400010002-8



Declassified and Approved For Release 2013/09/15 : CIA-RDP10-02196R000400010002-8

The specialists discussed topics related to the work plan on the topi¢ "Development of instruments and
equipment for scramming and control systems, dosimetric monitoring and radiometric monitoring of VVER
reactors," and accepted an informational report by the Polish delegation on the status of preparations for
the conference on "Monitoring and control of nuclear reactors and nuclear power stations" (to be held in
October 1973, in Poland). T

A report prepared by the Hungarian delegation on the progress of work on the topic "Development
of procedures and instruments for nuclear medicine," was discussed and approved. A program for the
forthcoming April 1973 coordination conference on nuclear medicine was prepared and approved.

The work group discussed 13 draft recommendations on standardization on basic parameters, techni-
cal specifications, and techniques for testing various nuclear instrumentation products, and adopted ap-
- propriate resolutions, Proposals for the 1973 work plan and a draft resolution for PKIAE SEV on nuclear
1nstrurnentat1on were agreed upon, '

A seminar on exchange of experience accumulated to date on the bu11d1ng and acceptance of power
plants incorporating fast reactors, spemflcally the BOR-60 reactor, was held October 25-28, 1972 at
Dimitrovgrad (USSR), following the PKIAE SEV guidelines. The seminar attracted about 70 specialists
from East Germany, Poland, Rumania,the USSR, and Czechoslovakia. Nineteen reports were heard and
discussed, with Soviet specialists presenting results of scientific-research based on the BOR-60 reactor
power plant

- The participants of the seminar visited the BOR-60 power plant and were familiarized with 1ts per-
formance and history.

The seminar contributed to the further developmeﬁt of collaboration between COMECON member na-
tions in the field of scientific-research and design and development work concerned with high—output fast
power reactors, ,
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THE ALL-UNION CONFERENCE ON THE USE OF
RADIATION TECHNIQUES IN AGRICULTURE

D. A. Kaushanskii

The All-Union Conference on the Use of Radiation Techniques in Agriculture was held at Kishinev,
October 2-5, 1972. Scientists and agricultural workers participated in the work of the Conference, About
25 reports were presented in plenary meeting. The Conference dealt with: general problems of agricul~
tural radiobiology; irradiation of seeds before planting; radiation genetics and selection; isotopes and
radiation in plant protection; isotopes and radiation in plant physiology; and the use of radiation in the
storage and technological processing of agricultural products. The Conference was opened by G. Ya. Rud',
Corresponding Member of the Academy of Sciences of the Moldavian SSR, who observed that the Conference
was being held at a time when the use of radiation techniques in the fields of Moldavia was becoming a
significant reality, and the results of many years of research by radiobiologists were being corroborated
in practice.

In his welcoming speech, I. N, Berezhnoi, Agriculture Minister of the Moldavian SSR, discussed the
results of the use of Kolos industrial mobile gamma units in the Republic over a five-year period, as well
as some results of the irradiation of seeds before planting, including corn, sunflowers, and sugar beets,
which are crops of great importance to the Republic. The Ministry of Agriculture of the Moldavian SSR
is studying the problems involved in further incorporating inte agricultural practice the method of pre-
planting irradiation of seeds by means of Kolos units. It was noteworthy that the preplanting irradiation of
corn, a crop which occupies approximately 380,000 ha of the Republic, with an average yield of 3,800 kg
/ha (weighted average for 1968-1971), made possible an additional output of about 150,000 tons. This is
done by using 15 to 20 Kolos units, costing approximately 1 million rubles, The economic benefit of this
measure is about nine times as high as the cost price of the Kolos units.

A. M. Kuzin, N. F. Batygin, K. I. Sukach, N. M. Berezina, and D. A. Kaushanskii spoke in plenary
meeting; they discussed the trends and levels of present-day theoretical investigation and also gave an es-
timate of the results achieved by production testing of the method of preplanting irradiation and of the radia-
tion technology developed for this purpose. Reports on the use of atomic energy in various branches of
agricultural science and in production were presented by V. N. Lysikov (radiation mutagenesis in agri-
cultural plants), S. V. Andreev (the struggle against agricultural plant pests), and others.

A. M. Kuzin gave a general discussion of the theoretical prerequisites and experimental studies on
the effects of ionizing radiation and pointed out the role of free radicals and changes in the permeability
of biological membranes in the acceleration of metabolism, and the role of other factors in the develop-
ment of the theoretical foundations of preplanting irradiation. In addition, he spoke of a possible sequence
of processes taking place in the preplanting irradiation of seeds which will ensure their more rapid germi- :
nation development, and tillering, earlier blooming, and increased yields.

Advances in radiobiology and their practical utilization in agriculture were discussed by N. F. Batygin
(Agrophysical Institute, Leningrad). He noted that radiation can be used successfully as part of a general
system of agricultural measures designed to increase yields, and he pointed out the need for broader in-
vestigations into the theoretical foundations of mutagenesis and radioselection, as well as the use of radiation
protectors and radiation sensitizers in plant protection. The results of extensive production tests and the
incorporation ‘of preplanting irradiation and Kolos gamma units into Moldavian agriculture were discussed
by K. I. Sukach (Kishinev Agricultural Institute). Kolos mobile gamma units, industrially produced and
having a capacity of about 1 ton/h, made’it possible in 1968-1972 to conduct tests of this new agricultural
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method, It is sufficient to point out that the weighted-average increase in the corn harvest for the 1968~
1971 period was 400 kg/ha (or 12%)., In 1972, when over 50,000 ha were planted, 550 tons of seed were
irradiated during the spring planting season in 12 different areas of the Republic. The report pointed out
that, in the light of planting norms and of the price of commercial seed corn, operation of the Kolos unit
for 1 h will bring a farm more than 1,000 rubles of profit, and by the end of the first season the unit will
have paid for itself. There are five Kolos units operating in Moldavia today. The conclusion of the report
indicated the prospects for further incorporating this method into Moldavian agriculture starting in 1973,
using, as examples, corn, sunflowers, and sugar beets.

The level of present investigations on the preplanting irradiation of seeds was discussed by N. M,
Berezina (Institute of Biophysics of the Academy of Sciences of the USSR). In her survey of Soviet and
foreign studies, she spoke of the role of various factors influencing the reproducibility of the stimulation
effect and noted that the existence of a radiation technique that ensures uniform irradiation conditions (dose
rate, temperature, degree of nonuniformity of irradiation), together with the modifying factors that have
been studied and a number of environmental factors, determines the reproducibility of the results. She
pointed out that the preplanting irradiation of seeds, as an agricultural method which does not preclude the
utilization of a whole complex of agrotechnical measures, may be regarded as an additional reserve tech-
nique for increasing the output of agricultural crops. The data obtained by Soviet researchers are now
being confirmed by foreign authors.

In a report by D. A. Kaushanskii (Moscow) entitled "The development of a new radiation technique for
agricultural production,™it was stated that, at the initiative of the State Committee on the Utilization of
Atomic Energy, a number of gamma irradiating units (MRKh-y-100, RKh-y=30, Issledovatel’ units,
RKhM-y-20 multichamber units, and others) had gone into industrial production and were being delivered
to organizations by the All-Union Isotope Society. The author discussed in detail the problems involved in
establishing a complex of industrially produced mobile gamma units for the preplanting irradiation of seeds
(Kolos, Universal, Kolos-5, and Stimulyator), The resulting complex will make it possible in the near
future not only to carry out extensive production tests of this new agricultural technique over large areas,
under various seil and climate conditions, for different kinds of seeds (both loose-grained and non-loose-
grained) at seeding: norms of 0,1-300 kg/ha, but also to begin immediately to incorporate it into agricul-
ture. The report also gave data on the Genetik experimental —industrial gamma unit, designed for sexually
sterilizing insect pests at various stages of their development under the conditions prevailing in biofactories,
and on the Dezinsektor mobile gamma unit. The possibilities of using the Sterilizator unit (volume 60 liters,
dose rate 1.6~1.7 Mrad/h) in agricultural production (for increasing the storage life of fruits and berries and
for the sterilization of feed, hides, wool, etc.) were considered. The report discussed some characteristics
of the developments of radiation technology in the USSR and elsewhere and noted that today the scientific
groundwork is being laid for the establishment of a new field of agricultural.machine design — the designof
agricultural radiation machinery.

A report on the results of the use of Kolos units in 1970-1972 in the Pavlodar region of the Kazakh
SSR was delivered by Yu. A. Martem'yanov. He noted that under the conditions of the Pavlodar region,
preplanting irradiation of seeds makes it possible to increase wheat yields by 10%, buckwheat by 16—17%,_
millet by 15%, sunflowers by 15-20%, and corn silage by 10-12%. In. 1971 the profit resulting from the use
of a single Kolos unit was 84,000 rubles, and it was expected that the use of two units in 1972 would bring
a profit of about 200,000 to 250,000 rubles. The Pavlodar region is the site of the country’'s first radiation-
technology station (RTS), des1gned to provide the collective farms and state farms of the region with radia-
tion-technique services.

A number of reports were devoted to the results of seed irradiation in the Kirgiz SSR (A. S. Sultanbaev,
L. A, Sergeeva), the Belorussian SSR (Yu. M. Vaninskaya), the Latvian SSR (A. T. Miller), the Leningrad
region, and other areas of the country

The use of atomic energy in various fields of agriculture was discussed in survey reports in the
section headed by D. M. Grodzinskii (general problems of agricultural radiobiology), A. T, Miller (pre-
planting irradiation of seeds), V. G. Semin (radiation and genetics selection), V. V., Rachinskii (radiation
methods, instruments, and 1rrad1a£10n technology), A. A. Nichiporovich (isotopes and irradiation in plant
physiology), and others.

The participants in the Conference familiarized themselves with the new radiation technology used
at the M. V. Frunze Agricultural Institute of Kishinev (industrially produced Kolos LMB-y-IM , and GUBE-
4000 units) and also visited the Moldavian Institute of Irrigated Agriculture.
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FIFTH ALL-UNION CONFERENCE ON THE PHYSICS
OF ELECTRON AND ATOM COLLISIONS

V. B. Leonas

The regularly scheduled All-Union conference on the physics of electron and atom collisions was held
at Uzhgorod, September 19-23, 1972. A numerous group of scientists from the socialist countries took
part in the deliberations of the conference. The conference paid homage to the memory of the recently
deceased Professor N. V. Fedorenko, with whose name is indissolubly linked the founding of the Soviet
school of the physics of electron and atom collisions, today generally acknowledged as one of the prominent
trends in physics research. '

The conference surveyed progress achieved in this vigorously developing branch of plasma physics
over the period elasped since the fourth conference (Riga, 1970).

Until comparatively recently, the efforts of research scientists have been focused on the study of
effects accompanying collisions of high-energy particles (~1 keV), which has been associated with the '
problem of radiation effects and problems involving materialization of the first stages in thermonuclear
research programs. In recent years, with the progressive conquest and study of outer space, the avail-
ability and applications of high-power gas lasers, magnetohydrodynamics as a full-fledged low=power
source, advances in chemical technology, and so forth, there has also been a concomitant and impres-
sive expansion of research in the field of low-energy collisions.

A total of 281 papers were presented at the conference. * The conference deliberations took place in
plenary sessions and at panel sessions.

Review papers delivered at the plenary sessions provided an overview of the general state of research
in the physics of particle collisions. Reports by E. E. Nikitin surveyed opportunities associated with inter-
pretations of measurements of differential cross sections for elastic scattering. and inelastic scattering.
Decoding the specific structure of the experimental dependence arrivedat makes it possible to restore, quite
precisely, the variation of the term=-potentials of the interactions (by analogy with molecular spectroscopy,
this led to the apparance of the term "collisional spectroscopy®). Some particularly intriguing possibilities
have been opened up by analysis of data on inelastic scattering due to what has been termed intersection or
crossing of terms. The theory of atomic collisions has long had at its disposal a mathematical tool-kit
adequate for quantitative descriptions of such scattering, but this apparatus has not been put to practical use
because of the lack of a reliable experiment. The development of experimental techniques has now rendered
possible a comparison of theoretical predictions and measurements in this area, and has made it possible
to determine quantitatively parameters which are crucial for the inelastic scattering process. This in turn
makes it possible to establish the overall regularities and patterns in inelastic transitions.

The problem of how to exert control over a real chemical process (over its rate and direction) under
conditions where the process is being intensified by a powerful activating agent (radiation or laser) is closely
agsociated with our level of knowledge on the mechanism underlying the process, and on laws governing
some distinct stages of the process. Until recently, all of our concepts of elementary reactions in gases
has been based on comparisons of macroscopic reaction rates measured empirically and those calculated
on the basis of a specific model. The inevitable statistical averaging of the effects of distinct collisions in
counts of the observable macroscopic yield of reaction products generally tends to blur out the distinctions
between models. This state of affairs is unsatisfactory, even from the standpoint of the prospective utiliza-
tion of chemical processes in the generation of laser emission. In that sense, we see some unique

* Abstracts of the papers presented have been published under separate cover,
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possibilities and opportunities being opened up by research on chemical reactions with the aid of the method
of colliding beams. Highly detailed information on the probability, dynamics, and energetics of the elemen-
tary collision process involving chemical transformation of partners has been obtained successfully in that
research. The applied value of such research is quite evident, and the investigations are of inestimable
value in terms of the development of a reliable theory to account for the elementary processes.

The results of beam investigations of elementary atomic — molecular processestypical of collisions in
a low-temperature plasma was the subject of a report submitted by V. I. Gol'danskii, V. B. Leonas, and
L. Yu. Rusin. In a manner similar to the chemical processes, molecular transport processes, excitation
of internal degrees of freedom of molecules in gases, and such had been studied previously only on a
‘macroscopic level. Successful elaboration of a reliable theory accounting for elementary atomic — molec—
ular processes, and possibilities of subsequent quantitative applications of the theory, must be related to
the direct information that can be secured in beam experiments on the potentials of pair interaction, and on
the probabilities of translational - vibrational (and rotational) transitions.

The new approach to the study of elementary atomic = molecular processes (elastic scattering, energy
exchange, chemical transformations) does not entail simply replacement of some methods by other methods;
the purpose is to secure such experimental information as to make it possible to greatly improve the "pre~
dictability” of the theory called for by the demands of sophisticated industry of the current epoch. A paper
presented by G. F. Drukarev was devoted to these "second-generation" experimental problems. Even the
most perfectly conceived and worked-out experiments cannot yield complete information on collisional
processes, because of the averaging effect due to the spectrum of spin states and due to the orientations of
the interacting particles; this effect cannot yet be completely eliminated. The second-generation experi-~
ments are being devised to surmount this hurdle, and the report discussed prospective ways of achieving
"polarized™ collisions.

A paper by V. V. Titov demonstrated two aspects of research investigations on atomic collisions.
On the one hand, the paper showed the possibility and fruitfulness of utilizing the concept of pair collisions
in the problem dealing with the motion of a high-energy particles in a periodic structure of the atomic
lattice type, and on the other hand, it was clearly demonstrated how the procedure of a purely physical
experiment can become the basis of a new technological process for fabricating solid-state electronic de-
vices with prespecified parameters.

The research done at Uzhgorod on optical excitation cross sections in collisions involving electrons,
ions, and atoms came through in some of the papers presented at the conference. A detailed study of
excitation of inner and outer envelopes of atoms was covered by papers submitted by staff scientists of the
A. F. Joffe Physicotechnical Institute. A novel procedure for investigating the energy levels of highly
excited negative ions was also devised and is now in use. There was considerable interest manifested in a
report on a large-scale facility for investigating chemical reactions in intersecting beams that has been
built at the institute of Chemical Physics of the Academy of Sciences of the USSR.

Consequently, the conference was a demonstration of the qualitative and quantitative expansion of
researchinthis area; the growth and high scientific level of the theoretical research were again put in
evidence. Some shortcomings also came to light. Given the generally high stress put on theoretical re-
search, there is unjustifiably scant attention being given to analysis of collisions of atoms and molecules

. at low energies. The data adduced on processes occurring at thermal energies are generally acquired
on the basis of measurements of macroscopic properties, and are converted into cross sections of micro-
scopic processes only with the observance of certain assumptions (some of which are quite open to ques~
tion). The insufficient attention given to the development of beam experiments in the range of low energies
was reflected in the discussion on techniques and equipment.

The next All-Union conference onthis topic is scheduled for 1975.
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SOVIET — SWEDISH SYMPOSIUM ON THE PHYSICS
OF THERMAL AND FAST REACTORS

I. D. Rakhitin

The first Soviet — Swedish joint symposium on the physics of thermal reactors and fast reactors was
held September 11-5, 1972, at Dubna, The renowned Swedish specialists I. Jung, B. Pershagen, E. Hel-
lstrand, R. Persson, E. Tenerts, and others took part in the work of the symposium, and subsequently
visited leading Soviet scientific research institutes. '

Over thirty papers were heard and discussed, including about twelve delivered by Soviet experts.
The report by V. T. Rudenko describes the IBR fast pulsed reactor, and problems solved through the
use and operation of that reactor at JINR, The study of the physical features of fast reactors with BFS
physical assemblies was the subject of reports by Yu. A. Kazanskii and V. A. Dulin. Theoretical and ex-
perimental aspects of the physics of thermal reactors were reflected in reports by I. N. Aborina, V. I.
Naumov, and colleagues.

Various topics in the calculations and design of fast reactors, working out requirements for nuclear
physics data, compiling libraries of nuclear data and reactor programs, were addressed in remarks by
R. I. Nikol'skii,.S. M, Zaritskii, I. P, Markelov, and M. N, Zizin.

Soviet reports on the most urgent topics in the mathematical theory of nuclear reactors, development
of new methods for solving reactor equations, -and the development of concepts in reactor theory, met with
great interest (such reports were presented by V. V. Khromov, I. D, Rakitin, V. N. Artamkin, A. V.
Voronkov, B. P. Kochurov, E. S. Tsapelkin, and N. I. Laletin).

Swedish specialists delivered some informative reports.

.Thé head of the Reactor design division, E. Tenerts, presented an account of reactor physics re-
search problems and developments in design and determination of the characteristics of thermal reactor
cores. He reported that old-standing problems in reactor physics, such as the calculation of critical mass,
for example, or calculations of neutron flux, of reactivity coefficients, of the reactivity balance and burnup,
are now being solved with greater accuracy than actually required for reactor operation. :

Today's problems are a combination of heat transfer, hydraulics, neutron physics, reactor control,
and economics. Reactor physics comprises a component part of reactor technology, and all the problems
relating to it have to be studied simultaneously.

General problems pertaining to the development of Sweden's nuclear power industry and requirements
applicable to reactor physics are covered in a report by B. Pershagen.

Until the mid-Sixties, attention had been centered on pressure vessel type heavy-water reactors, The
first such reactor built at Agesta was started up in 1963. Its thermal power output level stood at about 80
MW. Construction of a straight-flow boiling heavy water reactor at Marviken, with a rating of 140 MW (e),
was cut short in 1970 because of the competition by ordinary-water boiling-water reactors (BWR).

Construction work was begun, in 1965, on the first full-scale water-cooled water-moderated boiling-
water reactor, BWR type, rated 440 MW (e), at Oskarshamn. This reactor was started up in August 1971,
and wernt on the line producing electric power in February 1972.

The nuclear power developmental outlook in Sweden is reflected in the following figures:
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Year Power station output, Nuclear power station fractional
MW (e) _contributionto total national elec-
tric power production, %
1975 2600 ' 15
1980 8600 30
1985 16,500 50
1990 ‘ 25, 500 60

The construction of 1ndustr1a1 fast breeders is scheduled for no earller than the decade 1980-1990 in
Sweden,

The core of the Agesta heavy-water reactor was designed on the basis of a simple two-group proce-
dure, with experimental verification using the ZEBRA exponential assembly. The calculations were found
to agree closely with experiment.

More rigorous design techniques were developed for the Marviken reactor. For example, a com~
putational program for FLEF cells was compiled on the basis of a solution of the kinetic many-group equa-
tion in integral form,

Several many-group two-~dimensional and three-dimensional programs based on a heterogeneous me=-
thod of the source —sink type, and written in FORTRAN language, were devised to the aid the study of
macrodistributions of neutron fields in heavy-water reactors,

Extensive research on the physics of BWR and PWR type ordinary-water reactors is underway in
Sweden,

Computational techniques were verified both during the startup of the Oskarshamn~-1 reactor and in
the performance of the KRITZ high~temperature assembly. (R. Persson). One of the outstanding results
of these search efforts was the pinpointing of systematic discrepancies between the theoretically predicted
and experimental values of the temperature coefficient of reactivity. :

At the present time, a program for aiding studies of lattices with fuel in the form of plutonium dioxide
is being worked out. The plutonium fuel elements were obtained from USAEC,

In the design techniques developed in Sweden, attention is centered on predictions of the characteris=
tics of reactors while in operation, and optimization of fuel reloading, as well as on the study of the plutoni-
um cycle in thermal reactors. The BUXY two-dimensional many-group program (M. Edenius), used in the
preparation of macroscopic constants for diffusional calculations of power- distribution fields in large power
reactors by the POLCA program, based on a three-dimensional grid network one-group solution of the dif-
fusion equation, is used on the widest scale for calculations of lattice parameters. This BUXY program
incorporates thermohydraulic calculations of two-phase flow, and carries out iterations in terms of
coolant density as a function of reactor output power, with xenon poisoning taken into consideration,

Startup operations and beginnings of reactor operation yielded rich information, in the case of the
Oskarshamn-1 reactor, useful in verifyingthe BUXY — POL.CA computational system, including data on
reactivity, field distributions, and the effects of control rods. As E, Tenerts pointed out, the agreement.
between calculations and experiment was much better than expected.

The study of fast reactor physics was begun in Sweden in 1964, with the startup of the FRO critical
assembly at Studsvik (loading of 600 kg 20%-enriched uranium metal). A cycle of major experiments was
staged with this fuel assembly (E.. Hellstrand). Inthiswaythe effective cross sections of ten different
isotopes in fission products in three different spectra of a fast reactor were determined, as well as the
mean number of fast fission neutrons v for U®% and Pu®®?, The calculated and empirical v values agreed
within the limits of error of the experiment. Finally, experiments were staged to aid investigation of

reaction rates in different configurations of breeding blankets,

Investigations of the Doppler effect and comparison of those data and the theoretical data are dealt
with in a report by H, Heggblum. The results of this comparison are fully satisfactory, if we bear in mind
heterogeneous effects in experimental specimens, as well as the fine structure of the spectrum and the
overlapping resonances.

Extensive work on estimates and compilation of nuclear data, a very tlmely toplc at this time, is
being done in Sweden.
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In the SPENG program, the neutron spectrum is computed in 2000 energy groups, for a finite homo-
geneous mixture, and effective cross sections and group constants are worked out for any group decomposi-
tion whatever. For those groups where resonance self-shielding and overlapping resonances are essential,
the averaged cross sections are computed according to the DORIX program as a function of the temperature
and a function of the effective potential cross section, The report by H. Heggblum presents a method for
determmmg estimated neutron data with simultaneous consideration of a large number (51) of macroscopic
characteristics obtained in work on fast reactors (31 critical assemblies). It is interesting to note that the
fission cross section of U%® and the capture cross section of U®® are much lower than the data available in
the famous ENDF/B-11 library, in the range of energies of greatest importance for fast reactors.

Starting 1966, design projects have been underway in Sweden on three distinct types of fast breeders
rated at 1000 MW (e), with sodium, gas, and steam as coolants, and with attention focused on sodium=-
cooled fast reactors. It is proposed that the initial construction work on an industrial fast breeder get
under way not earlier than the 1980's,

Work on the development of computational techniques and programs for fast reactors was reported
by K. Jirlov. The basic purpose of the system of programs is to determine the appropriate geometry
and composition of the core, as well as the effective fuel cycle for conditions where the percentage burnup
and the specific output power in the core and in the breeding blanket will not surpass reasonable limits.

In conclusion, we may note that the meeting befween the Soviet and Swedish scientists was most
fruitful, '

The understanding in effect calls for a return Swedish —Soviet symposium to be held in Sweden during
1973, to discuss engineering topics relating to nuclear reactor safety.

189

Declassified and Approved For Release 2013/09/15 : CIA-RDP10-02196R000400010002-8



Declassified and Approved For Release 2013/09/15 : CIA-RDP10-02196R000400010002-8
BRIEF COMMUNICATIONS

The second CERN school on digital computer processing of experimental data was held September
10-24 in Austria,

Attending the school session were young physicists and computing scientists from 19 European -
countries, including two from the USSR. - The lectures delivered by scientists from CERN member nations
encompassed a wide range of topics: translation procedure; the use of desktop computers in physics;
system programming; use of large computing systems.

Experimental physicists were most interested in the second round of lectures. These included a
particularly interesting lecture course given by W. Zacharow (Britain) developing the general principles
of the design and software of desktop computer systems for on~line processing of experimental data.

An example of a well-conceived and organized system with on-line computing equipment is the CERN
Omega-project, a general-purpose magnetic spectrometer capable of recording and analyzing the most
widely varied processes in hlgh—energy physics R. Russell).

An arrangement for 1nvest1gat10ns of nuclear reactions at 1ntermed1ate energies (BOL) has been
devised at the Amsterdam Nuclear Research Institute for research at the synchrocyclotron (J. Obersky)..
The recordmg system operates with two PDP-8 computers, which are in turn hooked up to an EL-X8 ma~
chine.

One of the lectures was devoted to on-borad computers of satellites (M. A. Perrie, Netherlands).

R, Kaiser (CERN) and J. Schraml West Germany)demoﬁsfi‘a.tedthe poséibilities'of utilizing com-
puters in the control of accelerators and radio telescopes. '

One round of lectures (F. James, G. Wind, CERN) was devoted to general topics in the mathematical
processing of large blocks of information. In particular, G, Wind presented an intriguing method of
geometrical restoration of tracks in the presence of large statistics, such that machine memory capacity
could be greatly conserved by utilizing precomputed coefficients.

On the whole, the materials presented at the CERN school on computer processing of expenmental
physics data were of great interest.

In line with the terms of an agreement of collaboration in the field of peaceful uses of atomic energy,
contracted between the GKAE SSSR and the Canadian state agency Atomic Energy of Canada, a delegation
of Canadian specialists on nuclear reactor coolants, headed by P. J. Dean, visited the Soviet Union
September 18-28, 1972.

The delegation members vistited the I. V. Kurchatov Institute of Atomic Energy, the G. M. Krzhizh-
anovskii Power Institute, the Power Physics Institute at Obninsk, the Thermal Physics Institute of the
Siberian Division of the Academy of Sciences of the USSR, the Moscow Power Institute, and also the V, I.
Lenin Atomic Reactor Scientific Research Institute [NITAR] in Dimitrovgrad.

The interest of the delegation was focused on the following topics: heat removal when using boiling
water as reactor coolant; chemistry of the water coolant, i.e., how the required composition and the
necessary quantity of salts can be sustained in the coolant, as well as the required amounts of oxygen and
hydrogen; corrosion of the surfaces of loops and entrainment of corrosion productions in the loop stream;
activation of corrosion products and deposition of corrosion products on the loop surfaces; the radiation
environment ‘and repair and maintenance of process equipment, Soviet scientists and specialists delivered
reports on these topics. For their part, the Canadian specialists gave accounts of work in progress in
Canada on the investigation of burnout and postburnout phenomena and conditions, and also on the use of
organic coolants in reactors.

Translated from Atomnaya Energiya, Vol.34, No. 2, pp. 143-144, Februai‘y, 1973.
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The encounters took place in a cordial atmosphere and setting. The members of the Canadian delega—
tion expressed their satisfaction with the reports and discussions.

The tenth session of the French —Soviet commission on scientific questions was held September 26-
28, 1972 at the Institute of High-Energy Physics in Serpukhovo. Basic reviews of joint work on a set of
experimental facilities at the Institute of High-Energy Physics including the French Mirabel liquid-hydrogen
bubble chamber, and systems producing a separated beam targeted on that bubble chamber, were discussed
at the sessions of the commission.

During the period elapsed since the last session, the Mirabel bubble chamber has been functioning-
satisfactorily on the whole. - In the May 1972 campaign, about 22,000 photographs were taken in a beam
of K™-mesons of 34 GeV/c momentum,

Analysis of the data accumulated in the processing and inspection of 950 plates made it possible to
determine the approximate composition of the beam: 93% K™ -mesons, 2% p-mesons, 5% miscellaneous.
The background amounted to 20% of the beam, Work was impossible with the beam of K" -mesons, because
the ‘background due to p-mesons was five to six times greater than the background observed in the beam of
K--mesons. Future plans call for strengthening the shielding in the leading portion of the channel and in
front of the bubble chamber, so as to improve background conditions appreciably.

The commission reviewed and discussed the results of processing events in pp-interactions with
momenta of 70 and 50 GeV/c, at both IFVE and Saclay. The combined data, withtotal statistics of 10,000
events at 70 GeV/c momentum and 2,000 event at 50 GeV/c momentum, were reported out at the Sixteenth
International Conference on High-Energy Physics in Batavia (USA)., The energy dependence of the mean
multiplicity of the charged particles is described satisfactorily by both logarithmic and power function of
vS. Topological cross sections were measured to high accuracy.

Data were obtained on the mean multiplicity of charged particles and on topological cross sections
determined as a result of analyzing 800 plates in 7 p-interactions at 50 GeV/c momentum and 6,000
plates in K=p-interactions at 34 GeV/c momentum. The mean multiplicity of charged particles in the 7~ p—
interactions is 5.8 = 0.1, These results were also reported out at the Batavia high-energy physics con-
ference.

At one of the sessions of the commission, information was divulged on the status of inspecting and
measuring equipment and computer programming software in French and Soviet laboratories, and also in
the laboratories of other CERN member nations. The commission discussed the work program drawn up
for the Mirabel bubble chamber for the October=December 1972 period, and the approximate schedule of
beam work with the bubble chamber drawn up tentatively for 1973, with not less than 300, 000 high~-quality
photographs to be processed.

The commission elected R. M. Sulyaev (USSR) chairman and A. Bertheleau (France) vice-chairman,

A conference of IAEA experts on the radiative capture of charged particles was held in Vienna,
October 9-13, 1972. ‘Participating were representatives of Great Britain, the USSR, the USA, France,
West Germany, and other countries. A broad range of topics pertaining to nuclear spectoscopy investiga-
tions of py and @y reactions based on the use of low-energy accelerators was discussed, as well as re- -
search on the giant dipole resonance and high isospin analog states in radiative capture of charged particles.

The conference worked out recommendations for small laboratories engaged in such research, and
took note of the need to stiffen the requirements on analysis of data, theoretical interpretation of data, and
so on.

The reports and the discussion of them constituted a complete review of current research into the
radiative capture of charged particles and also contained recommendations for future development in this
direction.

The proceedings of the conference will be published by IAEA.

A consultation fneeting of Soviet and French specialists on prospective topics in the construction of
nuclear reactor power stations was held at GKAE SSSR (USSR State commission on pea.ceful uses of atomic
energy) in late Ocober 1972,
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The delegation of French specialists was headed by the leading official of the Division of Reactor
Physics and Applied Mathematics, J. Busacq. The introductory remarks by J. Busacq pointed out that
French specialists hoped to make use of the experience available in the USSR in the construction of power
stations of high unit power output based on channel type graphite~moderated uranium-fueled reactors.
Academician N, A, Dollezhal' delivered a brief report on work done by Soviet officials in the design of
reactor power—generating stations in the USSR. Next the following reports were read: "Design features of
the uranium-graphite channel type reactor at the Leningrad nuclear power station; nucléar steam super-
heat in channeltype reactors"; "Heat burnout in the flow of boiling water along bundles of fuel rods"; Pros-
pects for the development of nuclear power stations with reactors of the type built at the I. V. Kurchatov
nuclear power station at Belyi Yar; uranium-graphite channel type natural-coolant~circulation reactor
(based on developments and experience at the Bilibin combined nuclear-fueled and fossil-fueled electric
power generating station).” :

The reports and papers evoked a lively discussion fi'om representativés of both parties present; a
useful exchange of opinions took place.

The members of the French delegation visited the Power Physics Institute, the world's First Nuclear
Power Station at Obninsk, the I, V, Kurchatov Institute of Atomic Energy, and the Belyi Yar nuclear power
station, where they were familiarized with the scientific research laboratories, and with the basic equip-
ment and instrumentation of the Belyi Yar nuclear power plant.

During the concluding talks, J. Busacq thanked the Soviet delegation for the excellent organization of
the reception, and the opportunity of visiting institutes in this country, and noted that many interesting points
came up in the scientific discussions, with some exhaustive answers forthcoming in all of the areas of
mutual interest.
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